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INTEODUCTION

The coTirse here outlined is given by the authors at Colum-

bia University. The prerequisite theoretical knowledge is pre-

sented in a series of lectures based on the textbook " Infection

and Resistance," by the senior author.

Immunity, like other branches of science, cannot be taught

without experiment and demonstration. For this reason we
have, for several years, supplemented our lecture course on

Infection and Resistance by an optional course on Serum Tech-

nique. Our purpose in this has been not so much to teach

beginners to carry out practical diagnostic tests as to allow the

student to carry out fundamental experiments, and, in drawing

conclusions from his results, to learn to reason from protocols

and ia this way discover the basic principles for himself.

It has been our contention for a number of years that

thorough instruction in the phenomena of immunity consti-

tuted a logically necessary preparation for the clinic on infec-

tious diseases. For this reason our courses have been offered

as optionals to second and third year medical students. Con-

trary to ordinary belief, students at this stage of preparation

have found no difficulty in comprehending the work, and have,

we think, derived benefits in experimental methods and reason-

ing far beyond the actual gain ia. new facts. Though optional

now, these courses we hope may eventually become integral,

required parts of the regular medical curriculum— the lectures

and demonstrations correlated with— the laboratory course fol-

lowing— the course in Bacteriology. This, however, we realize

may have to await the lengthening of the medical course as

a whole. Meanwhile such a course can certaialy be optionally



VI INTRODUCTION

available for students who have the desire to take it— and

our experience at two medical schools has taught us that there

are always a good many who do.

The little volume has been compiled in the first place for

our own convenience from the protocols given to our students.

If incidentally it is of service to others in planning similar

courses, or to laboratory workers in, repeating experiments,

we shall be pleased. The book as it stands is, of course, not

a manual of immunity. The course should follow or be syn-

chronous with lectures, reading, and demonstrations on the

principles of infection and immunity. In our own work the

course is offered to students who have had work in general

Bacteriology and have taken the lecture course on Infection

and Resistance, and reading is assigned in the textbook on

this subject.

Since the manual has grown out of the course after some

four years of experimentation and adaptation to classroom pos-

sibilities, it in no way represents an " ideal " formula but de-

scribes only work actually done with students. For this reason

we have often simplified the experiments in a way which would

be undesirable in actual research work. But we have not done

this at the expense of exactitude. Thus we have in many
cases adapted the technique to the possibilities of a single after-

noon with a class not yet fully trained. In order to facilitate

the giving of such a course by other teachers we have added

a time schedule of the whole course, and have given in each

exercise a list of the materials needed.



TIME SCHEDULE OF LESSONS'

Subject of Lesson

I. Immunization of Animals.

II. Bactericidal and Hemo-
lytic Power Of Normal
Sbeum.

III. HjBMOLYSIS.

IV. Quantitative Relations

OF Amboceptor and
Complement.

V. Quantitative Relations

(Continued).

VI. Reversibility and Speed

OF Union of Immune
Body and Cells.

VII. Pfeiffeb Phenomenon.

Work Preliminary to Subse-

quent Lessons

Preparation of B. typhosus.

B. coli.

Staphylococcus au-

reus.

Vibrio cholerae.

Sheep serum..

Ascitic serum.

Sheep red cells.

Cat red cells.

Horse serum.

Human serum.

Injection of rabbits.

Repetition of injections of Lesson I.

Repeat iajections of Lesson I.

Commence collection of guinea pig

hearts in absolute alcohol for

Wassermann antigen (Lesson

XIX).

Repeat iajections of Lesson I.

Repeat certain injections of Les-

son I.

Trial bleeding of animals which re-

ceived their last injections at 4th

session.

Bleediag of animals of Lesson I.

1 Arranged for two afternoons a week for a term of three and a half months.

vii



VUl TIME SCHEDULE OF LESSONS

Subject of Lesson

VIII. Bactericidai. Tests in

Vitro.

IX. Agglutinins.

X. Agglutination—Micro-

scopic Method. Ef-

fect of Salt.

XL Absorption of Aggluti-

nins.

XII. In Vivo Effect of H^em-

agglutinatite and
HiEMOLTTic Sera.

XIII. ISOH^MOLTSIS AND ISO-

AGGLUTINATION.

XIV. Precipitins.

XV. Forensic

Test.

Precipitin

XVI. Bordet-Gengou Phenom-
enon.

XVII. Alexin Fixation by Spe-

cific Precipitates.

XVIII. Forensic Complement
Fixation.

XIX. Wassermann Antigen :

Preparation and Ti-

tration OF Antigen.

XX. Wassermann Reaction :

Technique of Tests.

XXI. Complement Fixation

WITH Bacterial Ex-

tracts.

Work Preliminary to Subse-

quent Lessons

Titrate hemolytic sera made by

class.

Inoculate flasks with virulent diph-

theria strain for production of

diphtheria toxin (Lesson XXII).

Filter diphtheria toxin (Lesson

XXII).

Begin preparation of Wassermann
antigens for Lesson XIX.

Inject guiuea pigs with diphtheria

toxin for determiaation of mini-

mal lethal dose (Lesson XXII).

Finish preparation of simple alco-

holic Wassermann antigen and

Noguchi antigen.

Inject guinea pigs with diphtheria

toxin-antitoxin mixtures for de-

termination of L dose (Lesson

XXII).



TIME SCHEDULE OF LESSONS IX

Subject of Lesson

XXII.





TO BE PREPARED OR OBTAINED BY INSTRUCTOR

Bbfoee Course.

Bbfoee Lesson I.

Befoee Lesson 11.

Before Lessons III,

VI.

Before Lesson VII.

Before Lesson VIII.

Before Lesson IX.

Before Lesson X.

Before Lesson XI.

Before Lesson XII.

IV, V, AND

Hsemolytic (antisheep) serum.

Immunize a guinea pig to cholera

spirillum.

Inoculate students against typtioid.

One day before lesson plant agar

slants of B. typhosus, B. coli, Sta-

phylococcus aureus. Vibrio cho-

lerse.

Obtaiu sheep serum, ascitic fluid,

horse serum, sheep's blood, two

cats, ten rabbits, one guiuea pig.

One day before, iuoculate broth cul-

ture of B. typhosus.

Fresh dog serum.

Washed guinea pig cells.

Washed human cells.

Sheep's blood (washed).

Fresh guiaea pig serum.

Diluted hsemolytic serum.

Plant culture of virulent cholera

vibrios.

Guiaea pig inCmunized to cholera.

24 hours before, plant broth culture

of B. typhosus.

Obtaiu sterile blood from normal

rabbit.

24 hour broth culture typhoid.

Virulent diphtheria strato..

24 hour broth culture B. typhosus.

Slant cultures of B. typhosus and

B. coli.

Two cats, one rabbit.



xu TO BE PREPARED OR OBTAINED BY INSTRUCTOR

Before Lesson XIII.

Bepoee Lesson XV
Before Lesson XVI.

Before Lesson XVIII.

Before Lesson XIX.

Before Lesson XXIII.

Before Lesson XXIV.

Before Lesson XXV.

Before Lesson XXVL

Before Lesson XXVII.

Before Lesson XXVIII.

Before. Lesson XXIX.

Beef hearts.

Absolute alcohol for Wassermann
antigens.

Prepare blood stains to be tested.

Typhoid slants.

Obtain standard diphtheria anti-

toxin.

Horse meat.

Syphilitic and normal human sera.

Tetanus toxin and antitoxin. Test

hsemolytic power of toxin.

Guinea pig brains.

Guinea pigs.

Cobra venom. Saponin, ricin, leci-

thin.

Guinea pig's blood. Sheep blood.

Prepare alkaline casein solution and

trypsin solution.

Obtain blood from carcinoma and

other patients.

Inject guinea pigs with aleuronat.

Slants of Staphylococcus aureus.

Guinea pig serum.

Inoculate slants with Staphylococ-

cus aureus.

Glass tubing for making Wright's

capsules and pipettes.

Rubber nipples.

Triangular files.

Citrate solution.

Staphylococcus immune guinea pig

serum.

Staphylococcus emulsions.

Guinea pigs for preliminary work
for Lesson XXXII.

Horse serum.

Sheep serum.

Guinea pig serum.

Same materials as for Lessons

XXVII and XXVIII.



TO BE PREPARED OR OBTAINED BY INSTRUCTOR XUl

Before Lesson XXX.

Before Lesson XXXI.

Before Lesson XXXII.

Before Lesson XXXIII.

Serum of rabbit immunized against

staphylococcus.

Inject guuiea pig with aleuronat.

Serum of normal rabbit.

Other materials same as for three

preceding lessons.

Agar slants of Staphylococcus au-

reus.

Sterile tubes with glass beads.

Heemocytometers.

Methylene blue solution.

Wright's stain or Jenner's staio.

Hopkins centrifuge tube.

Horse serum.

Sheep serum.

Immune anti-horse serum injected

into guinea pigs day before lesson.

Horse serum.
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LESSON I

Students in this course wiL prepare their own materials for

injection, will immunize and bleed animals themselves, in fact

win do all the manipulations necessary in the preparation of

materials for the experiments that are done in the class. In

some cases students will work in groups of two or more in order

to save time and animals.

PREPARATION OF MATERIALS FOR INJECTION

1. Sheep Erythrocytes

The students who are to immimize their rabbit to blood cells

should obtain the blood from the sheep, and at subsequent lessons

other students wiU be given experience in this procedure.

Bleeding of Sheep.— The animal is held by two assistants

with the head thrown back and one side of the neck is cKpped

and carefully shaved.

A rubber tourniquet is then placed around the neck as near

as possible to the shoulders and tied tightly so as to compress the

external jugular vein . The vein distends and wiU be seen to stand

out as a ridge the size of a finger. A small part of the shaved area

of the skin is painted with tincture of iodine, and a large sterile

needle with four inches of rubber tubing attached is plunged

through the skin into the vein. The blood is allowed to flow

into small Erlenmeyer flasks containing about 20 large beads,

and when the desired amoimt of blood is obtained the flask is

shaken thoroughly until coagulation is completed, this procedure

defibrinating the blood. If preferred, the blood may be received

into citrate solution, containing 1 per cent sodium citrate and 0.5

per cent sodium chloride (not more than 1 part of blood to 1 part

of solution) or into ammonium oxalate solution (1 per cent).

To obtain washed erythrocytes and serum for injection

the defibrinated blood is poured into sterile centrifuge tubes.

The cotton plugs of these tubes should be fastened by turning

the free edges back over the neck of the tube and securing

them there by means of rubber bands; this will prevent the
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plug being thrown to the bottom of the tube during centrifuga-

tion. The cotton plug may also be replaced by a cap of sterile

tin foU. After careful balancing, the tubes are centrifugahzed

at high speed until the sediment is thrown down. The super-

natant fluid is removed with a sterile pipette and in this case

should be preserved for the injection of rabbits for the production

of precipitins. The tubes are then filled with sterile salt solution,

the blood cells resuspended by drawing them in and out of a

pipette and again thrown down in the centrifuge. This process

is repeated three times. The washed sediment is then trans-

ferred to another tube with a graduated pipette and an equal

amount of salt solution added to make the 50 % suspension which

is used for injection.

2. Preparation of Bacterial Emulsions

Ten c.c. of sterile salt solution are added by means of a pipette

to a 24-hour culture on slant agar of the particular organism to

be used. Surface growth is scraped from the agar by means of

a platinum loop and the bacteria suspended in salt solution by

gentle shaking. The suspension is then poured off into a sterile

test tube, carefully flaming the mouths both of the culture tube

and the sterile test tube before pouring. The second tube may
then be drawn out and sealed in a blowpipe flame, and the tube

entirely inunersed in a water bath for sterilization ; or the upper

portion of the tube may be carefully heated in a Bimsen flame to

kill any bacteria which may be adherent to the side of the upper

portion, and when the tube has cooled the lower portion is then

immersed in a water bath, taking care that the level of the water

comes well above the portion which has not been sterilized by
flaming. The bacteria should be heated at 60° C. for one half

hour and are then ready for injection.

3. Preparation of Serum for Injection

The serum or ascitic fluid used for the production of precipitins

should be clear and sterile and is less toxic if heated for 30 minutes

at 56° C. before injection. It requires no other preparation.
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CARE OF ANIMALS

The animals used for the routine work of the course are mainly

guinea pigs and rabbits ; in some cases dogs or cats are used, and

for demonstration a sheep is used on one or two occasions.

Animals used shovild be selected from among the healthy stock

;

animals having suppm-ations, diseased eyes, or skin diseases

should be discarded. They should be well noiuished and before

immimization is begun should be weighed and the weight recorded.

During the course of treatment students should, if possible,

supervise the feeding and caging of their animals. Care should

be taken that the cages are kept reasonably dry, that the animals

have plenty of water to drink and the food is abimdant, and

that not too much green feed is given. If any of the rabbits

imder treatment show a catarrhal discharge from the nostrils,

a condition spoken of by animal dealers as "wet mouth", these

animals should be segregated and their nostrils and forepaws

washed daily with weak bichloride solution. Great care should

be taken that the food soiled by these animals is not put into

cages of the healthy ones. Rabbits and guinea pigs are best

preserved in a warm place, and wood bottoms on the floors of

bins and cages are much better than either cement or tin unless

these are covered. They should not be allowed to Uve for days

on floors wet and soiled with their own discharges. During the

immimization the animals should be weighed periodically and

their weight recorded, and if great emaciation and loss of weight

ensues in an individual case, the animal should be given a rest

and carefuUy fed. Unless this is done many of the animals wiU

die in the course of immimization.

METHODS OF INJECTION

1. Intravenous Injection

When a rabbit is to be injected the animal is held by an assist-

ant, one hand about the abdomen, the other about the thorax,

with the head lowered. The outer border of the hairy side of

the ear is shaved and rubbed vigorously with alcohol until the
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marginal vein distends. The needle of the syringe is then

introduced into the vein, pointing toward the base of the ear,

and the material injected, care being taken to avoid the intro-

duction of bubbles. When the needle is withdrawn a small

piece of absorbent cotton is pressed over the pvmcture to stop

bleeding. It is weU to leave this cotton adherent to the puncture

when the animal is returned to the cage.

In injecting guinea pigs intravenously it is necessary to incise

the skin of the neck and expose the external jugularvein, and unless

a very smaU needle is used the vein must be tied off after injection

has been made. Etherization is needed for this procedure.

The injection of mice and rats intravenously is difficult, but

can be accomplished by rubbing the tail with xylol and holding

the mouse so that the tail bends sharply over the edge of the jar.

The four parallel veins will then stand out and with care a very

fine needle can be introduced into one of them.

2. Intraperitoneal Injections

A rabbit or guinea pig is held back down by an assistant and

a small area of the abdominal wall median line clipped hud the

skin disinfected with alcohol or iodine. A fold of skin and muscle

is pinched up with the left hand, and the needle, which should not

be too sharp, is cautiously introduced directly into the peritoneal

cavity and the injection made. The safest point is the median

line below the umbihcus, as in this area there is httle danger of

puncturing the stomach or large intestine.

3. Subcutaneous Injections

Subcutaneous injections are made in a similar way, after

clipping the hair of the area selected and pinching up a fold of

skin, taking care that the needle does not pass into the muscles.

Rabbits and guinea pigs are usually injected into the surface of

the abdomen, rats and mice at the root of the tail. If there is

danger of the substance injected causing ulceration, as in the case

of red cells, it is best to inject rabbits under the skin of the back,

as this area is less likely to become infected.
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For injection a syringe is used which will withstand boiling.

For general work all glass syringes of the Luer type are the most

satisfactory. A tightly fitting needle of gauge 20 to 22 should be

used for intravenous injections; for intraperitoneal injections

larger needles may be used if desired. If glass syringes are used

the needle may be attached to the barrel of the syringe, the

plimger withdrawn, and the two parts boiled separately for 5

minutes in water containing about 1 per cent of sodium carbonate.

A pair of forceps should be placed in the sterilizer with the points

under the water. The barrel is first removed with the forceps,

the plunger then removed and inserted. The fluid to be injected

is drawn into the syringe by tilting the test tube or container

and placing the beveled tip of the needle closely against the

lower side of the wall. If air is drawn into the syringe at the

same time, it should be expelled by holding the syringe vertically,

needle up, covering the tip of the needle with a small piece of

cotton wet with alcohol or some other disinfectant and expelling

the air. Mter use the syringe should be resterilized if any

infected material has been used, washed with water, and the

needle washed with water, then with alcohol and then with ether

to dry it thoroughly. If care is not taken to clean the needles

thoroughly after use, they are certain to become clogged. If blood

or serum have been injected, the needle and syringe must be

cleaned with cold water at once. Otherwise if alcohol or boiling

water is used, the protein will be coagulated and the needle clogged.

Animals should be labeled by attaching a niunber tag by means
of a metal staple to the ear, should be placed in a cage with a tag

recording the number of the animal, the name of the student in

charge and the nature of the material injected, and the date of

each injection.
Scheme for Injections

1. Rabbit immunized to B. typhosus by intravenous injection.

1st day 1st dose 0.05 agar slant

6th day 2d dose 0.1 agar slant heated as

11th day 3d dose 0.2 agar slant indicated

16th day 4th dose 0.2 agar slant below
24th day 5th dose 0.2 agar slant
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2. Rabbit immunized to B. typhosus by subcutaneous injections.

Injections at five or six day intervals.

1st dose 0.1 agar slant

2d dose 0.2 agar slant

3d dose 0.3 agar slant

4tli dose 0.5 agar slant

5th dose 0.5 agar slant

3. Rabbit immunized to B. typhosus and to B. coli commimior by
intravenous injection. Intervals as above.

1st dose 0.05 agar slant of B. typhosus

2d dose 0.1 agar slant of B. typhosus

3d dose 0.2 agar slant of B. typhosus

4th dose 0.2 agar slant of B. typhosus, plus 1

0.05 agar slant of B. coh communior J

5th dose 0.2 agar slant of B. typhosus, plus

0.05 agar slant of B. coh communior

,

as 1

ior J

6th dose 0.2 agar slant of B. typhosus, plus

0.1 agar slant of B. coU communio

7th dose 0.2 agar slant of B. typhosus, plus

0.2 agar slant of B. coli communior J

4. Guinea pig immimized to Sp. cholerae by intraperitoneal injec-

tion. An old laboratory strain of the cholera vibrio should be used

for immimization. Intervals as above.

1st dose 0.05 agar slant

2d dose 0.1 agar slant

3d dose 0.2 agar slant

4th dose 0.2 agar slant

5th dose 0.2 agar slant

5. Rabbit immunized to micrococcus aureus by intravenous injec-

tion. Intervals as above. In the case of this microorganism the

intervals should be lengthened if there is any iadication of iUness.

Great care is necessary in avoiding overdosage.

1st dose 0.05 agar slant

2d dose 0.1 agar slant

3d dose 0.2 agar slant

4th dose 0.2 agar slant

5th dose 0.2 agar slant
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6. Rabbit immunized to sheep serum by intravenous injection.

Five-day intervals.

1st dose 2.0 c.c.

2d dose 2.0 c.c.

3d dose 2.0 c.c.

7. Rabbit immunized to hiunan senmi (ascitic fluid) by intravenous

injection. Five-day intervals.

1st dose 4.0 c.c.

2d dose 4.0 c.c.

3d dose 4.0 c.c.

8. Rabbit immunized to horse serum.

1st dose 2.0 c.c.

2d dose 2.0 c.c.

3d dose 2.0 c.c.

9. Rabbit immunized to sheep erythrocytes by intravenous injec-

tion. Four or five day intervals.

1st dose 4.0 c.c. of 50 % suspension

2d dose 4.0 c.c. of 50 % suspension

3d dose 4.0 c.c. of 50 % suspension

A fourth injection may be given in some cases, but is not often

necessary.

10. Rabbit immunized to sheep erythrocytes by intraperitoneal

injections. Intervals as above.

1st dose 4.0 c.c. of 50 % suspension

2d dose 8.0 c.c. of 50 % suspension

3d dose 8.0 c.c. of 50 % suspension

4th dose 8.0 c.c. of 50 % suspension

11. Rabbit immunized to cat erythrocytes by intravenous injec-

tions of 2 c.c. at 4-day intervals. — See Lesson XII.

A preliminary titration of the serum done with a specimen

obtained from an ear vein should be done about the eighth or

ninth day after the last injection. If this is satisfactory, the

bleeding of the animal is usually done the ninth or tenth day. No
absolute rule can be established as to exact period at which the

serum has the highest antibody concentration, this depending to
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some extent on the health of the animal, the size of the injec-

tions, and the intervals. It is a safe rule to assvmie that the

high point in the curve is apt to lie between the eighth and the

twelfth day after the last injection and to be guided by this in

preliminary titrations.

THE BLEEDING OF AIHMALS

Before the immunization of the animal is begun a sample of

blood should be taken from the ear vein of the animal and the

serum stored in the refrigerator for use as a control at a later exer-

cise when the serum of this animal is tested for immime bodies.

The blood can be obtained from the marginal vein in the ear in

the following manner.

The animal is firmly held with the head down by an assistant.

The lateral portion of the hairy surface of the ear is carefully

shaved and the skin rubbed vigorously to cause the veins to dis-

tend. If necessary the ear may be rubbed with xylol. The skin

over the vein is washed over with alcohol and a cut made in the

vein with a razor blade or other sharp instnmaent. The blood is

allowed to drip into a clean centrifuge tube until about 4 c.c.

(60 drops) are obtained. It is then allowed to coagulate and the

edges of the clot are freed from the side of the tube by means of a

sterile platinum wire. The tube is centrifugahzed and the clear

serum thus expressed is transferred to a sterile test tube by
means of a capillary pipette with a rubber nipple attached. It is

then labelled carefully and stored in the icebox for future use.

Later bleeding from the ear veins of a rabbit can be facilitated

by strapping the animal down on a flat, hot water bag. A techni-

cal point of great simpHcity but which helps to make the sort of

cut in the vein which favors free bleeding, consists in taking a

pointed steel writing pen, breaking off one of the prongs and
plvmging the stUette thus made straight into the vein in a direc-

tion toward the heart. The entry thus made through the wall

of the vein does not easily coUapse and very free bleeding results.

To bleed a rabbit from the carotid the rabbit is strapped down
on its back on a dissecting board and ether administered. A
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central incision along the neck above the trachea is made, and the

carotid will be found lying very close to the trachea on either side.

A ligature is applied distaUy, the artery raised on the handle of a

forceps and a bulldog clamp applied toward the ridge of the neck.

A sterile glass canula can be inserted, but we have fotmd that

with a little skill it is quite easy to lift up the artery and hold it

by its wall with a forceps in such a way that the blood stream

is not blocked. The vessel is then cut, the clamp removed,

and by aiming the artery with the forceps in which it is held the

stream of blood can be directed into a sterile test tube. In this

way rabbits are usually bled imtil distinct respiratory distress

ensues and the stream of blood ceases, the blood coming in

drops. The clamp is then apphed, the vessel tied and the rabbit

sewed up asepticaUy. Such a rabbit can be kept alive and

further used after recovery for continuation of the immunization.

The bleeding of guinea pigs from the carotid is in every way
similar, though a little more difl&cult than the bleeding of rabbits.

When guinea pigs are bled, as they wiU be for the purpose of ob-

taining complement or alexin, it is necessary to do this carefuUy

in order to obtain the best results. The blood is best taken into

large sterile test tubes with as little violence as possible in order

that there may be no breaking up of blood cells with consequent

hemolysis. It is best to take the blood the evening before it is

to be used, to allow it to clot in the test tube and then to separate

the clot very gently from the sides of the tube. The tube should

then be set aside in the refrigerator at a low temperature (1-4° C).

The rapidity with which complement degenerates at higher tem-

peratures is generally underestimated. The following day the

serum is pipetted away from the clot.

Some observers believe that complement increases in potency

on standing for some hours on the clot. This was the con-

tention of Henderson-Smith, though it has recently been con-

tradicted by Addis and others. It is a good practice to obtain it

in this way, however, because blood so taken is apt to be clearer

and freer from haemolysis than blood centrifugalized immediately

after clotting. Although a slight tinge of haemolysis does not
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render blood useless for hsemolytic purposes, nevertheless the

products of haemolysis do affect the hsemolytic reaction and it is

best to have an entirely clear alexin for use.

The technique of bleeding of sheep or other large animals has

been described on page 2.

LESSON II

BACTERICIDAL POWER OF NORMAL SERUM

Normal blood plasma or serum possesses the power of killing

bacteria. Not all bacteria are equally susceptible to this effect.

Some, like the Gram-positive cocci, the anthrax bacillus, and

others, are probably killed in the circulation only by the co-

operation of serum and leucocytes in phagocytosis. When the

serum is heated to 56° C, its bactericidal power is suspended.

Reagents

:

1. Fresh normal rabbit serum, tmheated.

2. Bacillus typhosus— 24-hour broth culture diluted 1-5000 in

sterile salt solution.

3. Sterile salt solution.

The materials in this experiment must be measured with sterile

pipettes and placed in sterile test tubes, with care to avoid con-

tamination during the process of the experiment.

(a) Place 0.5 c.c. of normal rabbit serum in each of two sterile

test tubes and heat one tube for half an hour at 56° C. Then

set up the following preparations in sterile plugged test tubes

:

1. Normal rabbit serum 0.5 c.c. + Typhoid broth (1-5000) 0.5 c.c.i

(fresh)

2. Normal rabbit serum 0.5 c.c. + Typhoid broth (1-5000) 0.5 c.c.

(heated)

3. Salt solution 0.5 c.c. + Typhoid broth (1-5000) 0.5 c.c.

1 To make dilutions for this and other purposes proceed as follows :

1. 1 0.0. of original substance to 9 c.c. of salt solution = 1-10

2. 1 c.c. of dilution (1.) to 9 e.c. of salt solution = 1-100

3. 1 c.c. of dilution (2.) to 4 c.c. of salt solution = 1-500

4. 1 c.c. of dilution (3.) to 1 c.c. of salt solution = 1-1000

5. 1 c.c. of dilution (4.) to 4 c.c. of salt solution = 1-5000

This illustrates the general method, which can be shortened or lengthened

by longer or smaller intervals as the particular occasion requires.
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(6) Place the tubes in the incubator for two hours, and then

pour into each tube a tube of agar which has been melted in

boiling water and cooled to 42° C. Pour the entire contents

of each tube into a sterile Petri dish. When the plates are

hardened, place them in the incubator in an inverted position,

to be observed at the following lesson. The plates made from

tubes 2 and 3 will show an enormous niunber of minute

tjrphoid colonies after incubation. The plate from tube 1 wiU

be sterile or may show a few large colonies.

HEMOLYTIC AND H^MAGGLUTINATIVE POWER OF
NORMAL SERUM

The normal blood sermn of many animals has hsemolytic

and hsemagglutinative action upon the red blood cells of animals

of some other species. This haemolytic action, like the bacteri-

cidal action, is lost when the serum is heated to 56° C. The

haemagglutinating property, on the other hand, is relatively

resistant to heat and is not destroyed until the serum is heated to

70° C. or above. Such a hsemolytic normal serum acts only on

the erythrocytes of certain other species, sometimes upon 2 or 3

varieties with differing intensity. Thus goat serum is strongly

hsemolytic for rabbit cells— less so for those of guinea pigs.

Dog serum contains a relatively large amount of normal hsemo-

lysin for most cells used in laboratory work. Guinea pig cells

are highly susceptible, and himian cells relatively resistant to

hsemolysis by dog serum.

Reagents

:

1. Fresh dog serum.

2. 2 % suspension of washed guinea pig cells.

3. 2 % suspension of washed human cells.

4. Salt solution.

Place 0.25 c.c. of dog serum in a test tube and heat for one half

hour in water bath at 56° C. Bring up volimie to 2.5 c.c. with normal
salt solution. Prepare a similar 1-10 dilution of unheated dog serimi.

Set up the following experiment in half-inch tubes

:
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1. Dog serum unheated (1-10) 0.5 c.c.+ Guinea pig cells 2% 0.5 c.c.

2. Dog serum imheated (1-10) 0.5 c.c. + Human cells 2 % 0.5 c.c.

3. Dog serimi heated (1-10) 0.5 c.c. + Guinea pig cells 2 % 0.5 c.c.

4. Dog serum heated (1-10) 0.5 c.c. + Human cells 2 % 0.5 c.c.

5. Salt solution 0.5 c.c. + Guinea pig cells 2 % 0.5 c.c.

6. Salt solution 0.5 c.c. + Human cells 2 % 0.5 c.c.

Incubate the tubes one hour at 37° C. in water bath, observing

changes in cells at intervals of 5, 10, 15, 30, and 60 minutes. Tabulate

the results. Tube 1 should show prompt haemolysis; tube 3 should

show agglutination of the cells. In tubes 2 and 4 there should be no

observable change in the cells in most samples of dog serum.

LESSON III

HAEMOLYSIS. (EHRLICH AND MORGENROTH EXPERI-
MENTS)

1. To a group of students is assigned the task of bleeding a sheep

from the jugular vein into a flask containing glass beads. After defibrina-

tion the cells are washed three times in salt solution and a 5 per cent

suspension of the well-packed sediment is made (1.0 c.c. of sediment and

19.0 c.c. of salt solution).

2. To another group of students is assigned the bleeding of guinea

pigs from the carotid artery into centrifuge tubes. The blood is allowed

to clot, this clot is "rimmed" and the serum separated. The process

may be hurried by centrifugation. The serum is then diluted, 1 part of

serum to 9 parts of salt solution.

3. Immune rabbit serum (lytic for sheep cells) will be given out

diluted. 1 This serum has been heated for one half hour at 56° C.

before dilution, in order to destroy its alexin or complement. This is

done so that no unknown amount of complement may be present in the

final tests.

All these materials must be prepared before the regular class period,

as the experiments themselves consume several hours. Provided the

guinea pig serum is kept very cold (0°-4° C), all the materials can be
prepared the preceding day.

• In order to save time in the course an immune serum previously prepared by
the instructor is used here. The immune haemolytic serum whose preparation
was begun by the students in Lesson I is to be titrated later and used for the
lessons on complement fixation.
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Experiment 1

To Show that Red Blood Cells will absorb Amboceptor but

NOT Complement

Set up two mixtures in centrifuge tubes as indicated below:

A. Sheep cells and heated immune rabbit serum

B. Sheep cells and fresh normal guinea pig serum.

Incubate for 30 minutes at 37 C, then centrifugaHze and remove

the supernatant fluid, using a capillary pipette with rubber nipple.

Wash the sediment once in salt solution.

Resuspend the washed sediment in each tube in 3 c.c. salt solution.

Add the reagents as indicated and incubate for one hour at 37 C,
observing at short intervals. Tabulate the results.

Tube A
Sheep cells 5 % 1.0 c.c.

Inactivated immune rabbit serum » .... 1.0 c.c.

Incubate 30 minutes at 37° C, centrifugaUze, remove the superna-

tant fluid to another tube and wash the sediment.

We now have 2 tubes— one (Tube 1) containing the supernatant

fluid, the other (Tube 2) the sediment from the original Tube A. To
these tubes add reagents as follows

:

Tube 1 Tube 2

(Supernatant fluid from (Sediment from Tube A
Tube A) 2.0 c.c. resuspended in salt

Guinea pig serum (1-10) 1.0 c.c. solution) 3.0 c.c.

Sheep cells 5% . . . 1.0 c.c. Guinea pig serum (1-10) 1.0 c.c.

Incubate and observe.

In which of the two does haemolysis take place? What conclu-

sion as to the reaction that has taken place in the original mixture in

Tube A can you draw from this?

TubeB

Sheep cells 5% . 1.0 c.c.

Guinea pig serum (1-10) 1.0 c.c.

Incubate 30 minutes at 37° C, centrifugaUze, remove supernatant

fluid to another tube and wash sediment.

1 Diluted by the instructor so as to contain two hemolytic units in 1 c.c.
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Then, as in the preceding case, we have two tubes to which the

following additions are made

:

Tube 1 Tube 2

(Supernatant fluid from (Sediment from Tube B
Tube B) about ... 2.0 c.c. resuspended in salt

Immune rabbit serum 1.0 c.c. solution) 3.0 c.c.

Sheep cells 5% . . 1.0 c.c. Immune rabbit serum . 1.0 c.c.

Incubate and observe.

In which tube does haemolysis take place? Contrast this with

results in Tube A and draw conclusions.

Experiment 2

To Show that at 0° C. Cells will absorb Amboceptor alone
FROM A Mixture of Amboceptor and Complement

The same reagents will be used in this as in the preceding experi-

ment. The three reagents will first be cooled in ice water and then be

mixed in a cold centrifuge tube, and allowed to stand at 0° C. for an

hour. With proper care this can easily be done in a battery jar filled

with cracked ice and brine.

The success of the experiment depends on having the reagents and

the centrifuge tube and metal holder thoroughly cooled in ice water

before the mixture is made and in centrifugaUzing and removing the

supernatant fluid before they have time to regain the temperature of

the room. The protocol for this experiment is given below

:

Place centrifuge tube in holder in a cup of cracked ice and water and

add:
5 % sheep cells 1.0 c.c.

Inactive immune rabbit serum (diluted) . . 1.0 c.c.

Guinea pig serum (1-10) 1.0 c.c.

After twenty minutes the tube is centrifugalized, the supernatant

fluid removed and half of it placed in each of two small test tubes.

The sediment is to be washed once in cold salt solution, resuspended

in 4 c.c. of salt solution and haK of this suspension placed in each of

two small test tubes.

We now have four tubes— two of which contain washed sediment

and two of which contain supernatant fluid of the original mixture.

To these the following additions are now made

:
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Tubel

Supernatant fluid 1.5 c.c.

Fresh guinea pig serum 1-10 (complement) 0.5 c.c.

Washed sheep cells 5 % 0.5 c.c.

Tube 2

Supernatant fluid 1.5 c.c.

Immune rabbit serimi 0.5 c.c.

Washed sheep cells 5 % 0.5 c.c.

Tubes

Sediment 2.0 c.c.

Guinea pig serum 1-10 0.5 c.c.

Tube 4

Sediment 2.0 c.c.

Immune rabbit serum 0.5 c.c.

Incubate one hour at 37° C, observing at frequent intervals.

The results will show that the hsemolytic amboceptor or sensitizer

present in the original heated immune serum was bound by the cells at

0° C. — but at this low temperature the complement or alexin remained

not only inactive but unbound and free.

Apparatus

Each student will require

:

3 graduated centrifuge tubes

16 half-inch test tubes

9 one c.c. pipettes

1 test tube rack

1 bottle of salt solution

1 jar of cracked ice (pint measure)

1 rubber nipple and capUIary pipette

The class will require :

1 outfit for bleeding sheep

:

needle,

tourniquet,

razor and scissors,

bottle of tincture of iodine,

sterile flask containing beads.
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1 or more outfits for bleeding guinea pigs

:

scissors,

forceps,

ether cone,

centrifuge tubes.

Materials

Each student will require

:

Washed sheep cells 5 % 6.0 c.c.

Guinea pig serum 1-10 6.0 c.c.

Inactive serum of rabbit inmiunized against

sheep cells, diluted so that each c.c. con-

tains 2-4 hsemolytic doses 6.0 c.c.

LESSON IV

QUANTITATIVE RELATIONSHIPS OF AMBOCEPTOR AND
COMPLEMENT

Methods of Titration

The hsemolysis of red cells by specific sensitizer [or ambocep-

tor] and alexin [or complement] is a delicately quantitative

reaction ia which very definite amomits of the three substances

are necessary to produce a complete reaction. As a unit of red

cells, one cubic centimeter of a 5 per cent suspension of red

cells is conveniently taken. This means that the cells after

washing are sedimented in the centrifuge and 1.0 c.c. of the

sediment is added to 19.0 c.c. of salt solution. (Some investi-

gators have worked with suspensions representing 5 per cent of

the original blood. Assuming the cells to constitute 50 per

cent of the blood volume, suspensions so made up are just half

as concentrated as the ones here used. In aU the work here de-

scribed the term 5 per cent suspension is taken to represent 5 per

cent by actual volume of erjrthrocyte sediment in salt solution.)

Definite amounts of sensitizer and of alexin are necessary to

lake completely one cubic centimeter of such a suspension, and it

is necessary for accurate experimentation to determine for each

set of reagents the minimal amounts necessary to accomplish
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this purpose. It must be remembered that no two suspensions

of red cells are exactly alike— siace it is impossible to measure

them with absolute accuracy, and since the resistance of erythro-

cytes to haemolysis, even when taken from the same animal on

different days, may vary. No two fresh sera, moreover, are

entirely alike in alexic activity. The experiments given below

will demonstrate the method of determining by titration the

minimal hsemolytic dose of complement and amboceptor ; they

will also demonstrate that this dose varies reciprocally, that is,

that with a small amount of complement a relatively larger

amoimt of amboceptor will be necessary to cause complete

haemolysis, whereas with a large amount of complement only a

small amount of amboceptor is necessary. There is, however, no

simple proportionality.

Experiment 1

Titration of Hemolytic Sensitizer or Amboceptor. Determina-
tion OP Unit

The unit of sensitizer, or amboceptor, is the smallest amount

which will cause complete laking of a unit of cells (1.0 c.c. of a

5 per cent emulsion)^ in one hour, no matter how much comple-

ment is used, i.e., in the presence of an excess of complement.

As the degree of dilution is an important factor it is necessary that

the volume of all the tubes be brought to a uniform standard before

the reaction actually begins. For this reason the reagents are added in

the following order

:

1. Sensitizer [amboceptor]

2. Alexin [complement]

3. SaUne to make all volumes equal

4. Cells

A control tube must be set up to prove that the amount of alexin or

complement used will not of itself lake the cells.

1 For convenience or economy 0.5, 0.25 or 0.1 c.c. of 5 per cent red cells are

sometimes taken as the unit, and in such eases the unit of amboceptor and com-
plement must be proportionately reduced. For the sake of uniformity results

so obtained can easily be transposed to terms of the 1 c.c. unit, as is often done
in reporting Wassermann tests.
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Set up the followiiig tests

:

Tube 1. (diluted

2. (diluted

Series 1

Immune Serum {Sensitizer)

1-100) 0.5 c.c.

1-100) 0.2 c.c.

3. (diluted

4. (dnuted

5. (dUuted

6. (diluted

7. (diluted

8. (diluted

9. (diluted

Tube 1.

2.

3.

4.

5.

6.

7.

8.

9.

Tubel.
2.

3.

4.

5.

6.

7.

8.

9.

1-1000) 1.0 c.c.

1-1000) 0.5 c.c.

1-1000) 0.4 c.c.

1-1000) 0.3 c.c.

1-1000) 0.2 c.c.

1-1000) 0.1 c.c.

1-1000) 0.0 c.c.

Series 2

Immune Serum {Sensitizer)

(diluted 1-100) 0.5 c.c.

(diluted 1-100) 0.2 c.c.

(diluted 1-1000) 1.0 c.c.

(diluted 1-1000) 0.5 c.c.

(diluted 1-1000) 0.4 c.c.

(diluted 1-1000) 0.3 c.c.

(diluted 1-1000) 0.2 c.c.

(diluted 1-1000) 0.1 c.c.

(diluted 1-1000) 0.0 c.c.

Series 3

Immune Serum {Sensitizer)

(diluted 1-100) 0.5 c.c.

(diluted 1-100) 0.2 c.c.

(dHuted 1-1000) 1.0 c.c.

(diluted 1-1000) 0.5 c.c.

(diluted 1-1000) 0.4 c.c.

(diluted 1-1000) 0.3 c.c.

(diluted 1-1000) 0.2 c.c.

(diluted 1-1000) 0.1 c.c.

(diluted 1-1000) 0.0 c.c.

Complement

0.05
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In measuring 0.05 and 0.1 c.c. of complement it is best to use a half

c.c. and one c.c. of a 1-10 dilution. Shake each tube thoroughly when
all the reagents have been added. Incubate one hour in water bath at

37° C. and record by + or — signs haemolysis at 15, 30 and 60 minutes

in the following protocol

:
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Tube
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Each student needs

:

20 c.c. of 5 % sheep cells

5 c.c. amboceptor (diluted 1-100)

4 c.c. complement undiluted, for each three students

1 test tube rack

40 half-inch test tubes

6 1-c.c. pipettes, and flask salt solution.

LESSON V

QUANTITATIVE RELATIONS OF AMBOCEPTOR AND COMPLE-
MENT (Continued)

Experiment 1

The Activity of Complement Depends to Some Extent on Its

Concentration and not only on the Total Amount Present

A 25 per cent suspension of washed sheep cells is made.
A series of tubes is set up (if necessary by instructor) in which the

minimal amount of amboceptor necessary to lake 0.1 c.c. of these cells

in the presence of 0.05 c.c. of undiluted complement and in a total volume
of 1.0 c.c. is determined. The haemolytic serum (amboceptor) is then

diluted so that this minimal amount is contained in 0.1 c.c.

The student then mixes 2.0 c.c. of this amboceptor dilution with

2.0 c.c. of the 25 per cent red cell suspension. He then determines, in

the following preUminary titration, the minimal amount (unit) of com-
plement which will lake 0.1 c.c. of these ceUs in one hour, in a total

volume of 1 c.c.
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LESSON VI

THE UNION OF IMMUNE-BODY (AMBOCEPTOR OR SENSI-
TIZER) AND CELLS

1. Dissociation op Amboceptor (Muir)

Red cells have a very great affinity for their specific immune-

body. They can absorb a great number of units. Nevertheless at

37° C. corpuscles containing multiple doses of amboceptor give off

a certain amount to the surrounding fluid when it is free of it.

There appears to be an equilibrium between combined and free im-

mune-body. This can be Ulustrated by the following experiment

:

To 1.5 c.c. of a 5 per cent emulsion of sheep corpuscles is added

inactivated hamolytic serum so that there shall be 20 units of ambo-
ceptor 1 to every 0.5 c.c. of cells. (The student should calculate and

make dilutions for this purpose after being told the unit of the hsemolytic

serum given him.)

This mixture is allowed to stand at room temperature for 30 minutes.

CentrifugaUze and set aside the supernatant fluid. This is Tube (a).

Wash the cells obtained in the sediment of the preceding centrifuga-

tion three times and set aside the salt solution remaining as supernatant

fluid of the last washing. This is Tube (6).

Make the suspension of red cells up to the original volume by the

addition of saline and incubate this at 37° C. for one hour. Then centrif-

ugalize and set aside the supernatant fluid of this, which constitutes

Tube (c).

Make the sediment of the cells obtained in the preceding up to 1.5

c.c. Shake. Remove 0.5 c.c. and add to it 1.0 c.c. of 10 per cent fresh

guinea pig complement. This is Tube (d).

To (a), (6) and (c), each, add 0.5 c.c. of 5 per cent sheep corpuscles

and 1.0 c.c. of complement (10 per cent fresh guinea pig serum in salt

solution).

All four tubes are incubated at 37° C. for one hour.

Record the degree of laking in each tube.

Tube (a) will show how much of the 20 units of amboceptor failed to

be absorbed. The exact amount could be determined by titration, which,

however, would needlessly prolong the experiment and add nothing

to the illustration of the principle.

' The unit here is the minimal amount which lakes 0.5 c.c, not 1 c.c, of cells.

If Ejcperiments 1 and 3 of this lesson are to be done on the same afternoon it is

well to sensitize a considerable amount of ceUs at one time.
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Tube (6) will show whether the three washings were sufficient to

remove all amboceptor from the fluid bathing the cells. Any excess of

amboceptor remaining unattached to the cells after the washing would

show in the supernatant fluid by laking.

Tube (c) will show how much, if any, amboceptor was dissociated

after one hour at 37° C.

2. Velocity of Amboceptor Absorption

Red cells absorb their homologous immime-body very rapidly.

A knowledge of this is of great importance as the following ex-

periments show.

A

Take 3 c.c. of 5 per cent sheep corpuscles in a wide test tube and add

3 c.c. of diluted amboceptor drop by drop, shaking constantly (the

dilution of the amboceptor is such that 1 unit is contained in 0.5 c.c.

;

the unit here is taken as the minimal amoxmt which lakes 0.5 c.c. of

cells).

B

Take 3 c.c. of diluted amboceptor and add 3 c.c. of 5 per cent sheep

cells drop by drop, shaking constantly.

Set up two parallel series of five tubes each containing varying

amounts of guinea pig senmi (1-10).

Series 1
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3. Liberation of Amboceptor in Hemolysis

When red cells containing several hsemolytic doses of ambo-

ceptor are laked by a not excessive amount of complement, some

of the amboceptor is liberated in the solution.

To 2.0 c.c. of 5 per cent sheep cells add sufficient amboceptor so

that there will be 20 units for every unit (0.5 c.c.) of 5 per cent sheep

cells. Allow to stand for one half hour. Centrifuge and wash with

saline three times and after the third washing make the volume again

up to 2.0 c.c.

To 1.0 c.c. of cells so sensitized add 1.0 c.c. of 10 percent guinea-pig

complement. Incubate one half hour. Then divide into two equal

portions of 1.0 c.c. each. To the first portion add 0.5 c.c. of the sen-

sitized cells and incubate again for one hour. Note whether haemolysis

of the added cells occurs. To the second portion add 0.5 c.c. of im-

treated corpuscle suspension and 1.0 c.c. of 10 per cent complement.

Hffimolysis, after incubation at 37J degrees centigrade, will indicate

that amboceptor was hberated by the laking of the sensitized cells dur-

ing the first incubation and was taken up by the added cells in the second

incubation.

How does the amount of amboceptor hberated compare with the

amount dissociated by simple incubation without haemolysis in Experi-

ment 1?

Each student needs

:

12 c.c. of 5 % sheep cells

70 miits of amboceptor

12 c.c. of complement (1-10)

Flask sahne

6 one-c.c. pipettes

1 test tube rack for half-inch test tubes

1 graduated centrifuge tube

20 half-inch test tubes

2 three-quarter-inch test tubes

1 five-c.c. pipette

1 nipple pipette ^

' If experiments 1 and 3 of this lesson are to be done on the same after-

noon, it is well to sensitize a considerable amount of cells at one time.
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LESSON VII

PFEIFFER PHENOMENON

Virulent cholera spirilla injected into the peritoneal cavity

of a normal guinea pig proceed to multiply rapidly after a pe-

riod of about half an hour^ and the animal dies usually within 24

hours with sjonptoms of profound intoxication. The same spirilla

injected into an animal which has been immimized by previous

injections of killed spirilla or of sub-lethal doses of the living

microorganisms become granular and in some cases swell, take

on globular and vacuolated forms and gradually imdergo lysis.

The guinea pig in such cases recovers completely from the in-

jection. This destruction of invading bacteria by the immune

animal was termed by Pfeiffer "bacteriolysis." It has been ob-

served with certain of the Gram-negative bacilh such as the

typhoid and the dysentery bacillus, but is best observed in

cholera. Similar lysis is observed if the spirilla are injected into

a normal pig together with serum of an immimized guinea pig or

rabbit.

For this experiment it is necessary to employ a virulent strain

of cholera spirilla, since old laboratory cultures do not show the

phenomenon sharply and rarely kiU the guinea pigs in the con-

trols.

The lethal dose of the particular strain of cholera used for

the guinea pigs should be determined roughly before carrying out

the experiment.

It is inadvisable to allow students, except in very small groups,

to handle virulent cholera cultures, so that in canying out this

experiment, the preparation of the cholera suspension, the in-

jection of the pig and the removal of specimens from the peri-

toneum, as described below, should be carried out by the instruc-

tor. The smears should be fixed immediately in 10 per cent

formalin, after which they may be distributed to the members of

the class for study.

Two pigs— one normal, the other previously immunized with cholera

spirilla—are intraperitoneally injected with the determined dose, say a
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twentieth of the emulsion obtained from an agar slant, and after ten

minutes a specimen of the peritoneal fluid is withdrawn for observation.

This is done by shaving the left side of the abdomen of the pig, holding

the pig, back down, on a tray. This can be done satisfactorily with the

operator's left hand. The shaved surface of the skin is sterilized by
wiping with 5 per cent carbohc, a small cut made through the skin,

but not through the muscles, with a sharp pair of scissors. Then the

sharp tip of a capillary pipette is inserted through the muscles and the

peritoneimi. If the pipette is held horizontally or with the open end

depressed, a small amoimt of peritoneal fluid will rim up into the capillary

portion even if no suction is used. When sufficient amount of fluid

[0.1 or 0.2 c.c] is obtained, the pipette is withdrawn and the puncture

covered with cotton soaked in carbohc solution.

A hang-drop preparation is made with a drop of this fluid and the

remainder blown out into a watch glass. With a platinum loop a series

of thin smears are made of this fluid on glass sUdes, allowing one slide

for each member of the class, and as soon as the films are dried they are

placed in Coplin jars containing a 10 per cent solution of formalin

(4 per cent formaldehyde) for five minutes. They are then withdrawn,

allowed to dry, and are stained by the students with methylene blue and

studied under the oil immersion lens. The hang-drop preparation

should be observed under a high-power dry lens and one preparation

may be observed by the whole class.

Preparations are made in this way from the normal and immune pig

ten minutes, thirty minutes, one hour and two hours respectively after

injection. By the end of this period if a proper dose of the organisms

has been injected, the spirilla will be found to have multipKed enor-

mously in the peritoneal fluid of the normal animal, whereas in the

smears made from the immune animal after thirty minutes to an hour
the spiriUa wiU appear granular or swollen, and after two hours, or, if

the observation is followed that long, after three or four hours, wiU be
found to have practically disappeared.

The two animals should be kept for observation after the experiment,

and the unprotected animal will probably be found dead the next day.

The passive transference of bacteriolytic immimity to another
animal by simultaneous injection of cholera spirilla and anti-cholera

serum may be demonstrated ia a similar way, and by this technic the

strength of a bacteriolytic serum may be titrated by injecting series of

guinea pigs with varying amounts of the serum.
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A type protocol of such an experiment is given below

:

Weight of
Guinea Pig
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that is, the failure of the antibodies to act if present ia excessive

concentration. In the sera of artificially immunized animals or of

typhoid patients amounts greater than 0.01 c.c. of a strongly im-

mime serum are usually ineffective, the best results being obtained

with amounts varying from 0.001 to 0.0001 c.c. in a volume of 1 c.c.

Since the inactivated immune serum must, of course, be re-

activated by fresh normal serum used as complement or alexin,

it is important to use an amoimt of the normal serum too smaU to

be of itself bactericidal ; and the first step to determine is the

bactericidal power of the normal serum against the strain of

bacteria to be used. On the other hand, to secure striking results

it is necessary to use as large an amount of fresh normal serum

as possible without entering the zone of normal bactericidal

power. Normal rabbit serum is usually definitely bactericidal

for typhoid bacilh in amoimts ranging from 0.1 to 0.02 c.c. (in a

total volmne of 1 c.c).

Reagents

:

1. Anti-typhoid serum— serum of a rabbit immunized against

typhoid bacilli obtained in sterile condition and heated at 56° C. for half

an hour.

2. Normal rabbit serum, which must also be sterile.

3. 24-hour broth culture of typhoid bacilli.

The glassware and salt solution used in the experiment must, of

course, be sterile, and the reagents handled with care to avoid con-

tamination during the setting up of the experiment.

Set up the following tubes

:
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Add to each tube about 0.1 c.c. of a 24 hour broth culture of B.

typhosus, diluted 1-500. This should be measured by making a mark
on a sterile capillary pipette, fiUing accurately to this mark and dis-

charging the contents against the side of the tube, close to the level of

the fluid, being careful not to touch the upper portion. The actual

amount used is imimportant, but precisely equal amoimts must be added

to each tube. Shake. To Tube 8 add a tube of agar melted and cooled

to 42° C. and pour into a Petri plate immediately. Incubate the other

tubes two hours at 37° C. Add melted agar to each tube and pour

plates. When the plates are hard place them upside down in the incu-

bator and examine after 24 to 48 hours.

In careful experiments, two additional controls, the one containing

0.5 c.c. of 1-50 normal serum, the other containing 0.5 c.c. of 1-50

immime sertrni without the addition of typhoid baciUi, should also be set

up and plated in agar to prove the steriUty of the reagents used. A
successful experiment should show an enormous number of colonies,

over 10,000 to the plate, in plates No. 5, 6 and 7. Plate 8 should also

show a large number of colonies, though perhaps less than the other

controls. In plates 2 and 3 there should be very few colonies or none

at all ; in plates 1 and 4 some reduction in the number, though in some

cases there may be no observable difference between these plates and the

controls.

LESSON IX

I. TITRATION OF AGGLUTININS BY MACROSCOPIC METHOD

The clumping of bacteria by immune serum causes a homo-

geneous suspension to form flocculi easily visible to the naked eye,

which, on standing, settle to the bottom of the tube, making

the supernatant fluid clear. The macroscopic test is considered

more accurate than the microscopic since one is less often de-

ceived by small clumps of bacteria which may form spontaneously

in salt solution or broth for various reasons and are readQy

visible imder the microscope but do not come together in large

enough masses to cause a precipitate visible to the naked eye. It

is much simpler to carry out a quantitative titration of the aggluti-

native power of the serum by setting it up in test tubes than

by preparing hang-drops of each dilution. Furthermore, since

the quantities used in these tests are relatively large, slight inac-

curacies in measurement do not lead to such gross errors as would
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similar inaccuracies in the microscopic method. For these

reasons the macroscopic method is the one usually employed in

experimental investigations. On the other hand, in testing

patient's sera against the typhoid bacillus (the Widal reaction)

considerable information is given by the cessation of motility of

the bacilli in the presence of immune serum. It is desirable to

use small amounts of serum and imnecessary to set up more than

three or four dilutions in one test. Consequently for diagnosis

of typhoid the microscopic technique is the method of choice.

The macroscopic test may be carried out with living bacteria,

with bacteria killed either by exposure to heat (56° C.) or by ex-

posure to weak antiseptics such as phenol, 1 per cent solution, or

formaldehyde 0.8 per cent. Killed suspensions of bacteria may
be kept a long time in the ice box and still remain serviceable.

The flocculation is most easily observed in narrow test tubes,

f of an inch in diameter, but larger tubes can also be used with-

out difficulty. Some workers prefer to use tubes pointed at the

bottom, similar to the centrifuge tubes, since the sediments

which settle out can be readily observed in the tips of these tubes.

The period of incubation varies. A marked reaction is visible

after an hour at 37°, but with many organisms it is necessary to

incubate for two hours to obtain clear-cut results, and the floc-

culation often becomes more distinct when the tubes are removed

from the water bath and placed in the ice box for from half an

hour, to 12 hours. Such organisms as the streptococcus and the

staphylococcus usually require the longer periods of incuba-

tion. On the other hand, for organisms of the typhoid-colon

group long incubation is unnecessary.

Reagents

:

1. Serum of a rabbit immunized against typhoid. For this test the

serimi of animals immunized by the class should be used, the members
in charge of the rabbits bleeding them from the carotid at the previous

exercises and distributing to each other member of the class 2 c.c. of a
1-10 dilution of the serum.

2. B. typhosus— 24 hour culture on agar slant.

3. Normal salt solution.





64 LABORATORY COURSE IN SERUM STUDY

Prepare a suspension of typhoid bacilli by adding 10 c.c. of salt

solution to an agar slant culture and gently rubbing the growth from

the surface of the agar by means of a platinum loop or a capillary glass

pipette, being careful not to cut the surface of the agar. Shake the tube

gently without wetting the stopper and allow to stand for 10 minutes

so that the larger clumps may settle to the bottom. Take a capillary

glass pipette, plug it at the suction end with non-absorbent cotton and

provide it with a rubber nipple. Draw off 8 or 9 c.c. of the upper por-

tion of the suspension, being careful not to disturb the sediment and

place in a separate test tube, taking care that the suspension does not

flow against the upper portions of the tube. Add 0.2 c.c. of 40 per cent

formaldehyde and place in water bath at 56° for thirty minutes. If

clumps are still visible the suspension may be filtered through a moist

paper.

B

Prepare the following dilutions of the immune serum in test tubes

:

1. 1-10 = dilution as distributed

2. 1-50 = 0.5 c.c. of 1-10 dilution -|- 2 c.c. salt solution

3. 1-250 = 0.5 c.c. of 1-50 dilution + 2 c.c. salt solution

4. 1-500 =1.0 c.c. of 1-250 dilution + 1 c.c. salt solution

5. 1-1000 =1.0 c.c. of 1-500 dilution -|- 1 c.c. salt solution

6. 1-2000 = 1.0 c.c. of 1-1000 dilution -|- 1 c.c. salt solution

C

Place 0.5 c.c. of each dilution of serum (1-10 to 1-2000) in a series of

agglutination tubes and in an additional tube 0.5 c.c. of salt solution for

control.

To each tube add 0.5 c.c. of the killed typhoid suspension. This,

of course, doubles the dilution in each case and the tubes should be

labeled 1-20, 1-100, 1-500, etc., up to 1-4000. Shake gently till the

two fluids mix. The typhoid suspension should be distributed by means
of a pipette carefuUy plugged at the upper end with non-absorbent

cotton. This shovdd be used wherever bacteria are handled with a

pipette, even when they are thought to have been kiUed.

Place the tubes in the water bath, at 37° C, for one hour, and
observe carefully by transmitted hght. Record the results and
place the tubes in the ice box for one half hour and again make a

reading.
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Tube Sebum Typhoid Emulsion Result

1

2
3
4
5
6
7

1-10
1-50
1-100
1-250
1-500

0.5 c.c.

0.5 c.c.

0.5 c.c.

0.5 c.c.

0.5 c.c.

1-1000 0.5 C.C.

Salt sol. 0.5 CO.

0.5 C.c.

0.5 c.c.

0.5 CO.
0.5 c.c.

0.5 c.c.

0.5 c.c.

0.5 c.c.

D
The students in charge of the immune rabbits should test at the same

time the samples of serum which were obtained from the rabbits before

they received their first injection and which have been stored in the

ice box meanwhile. In this case one tube of imdiluted serum should be

tested, one of a 1-10 dilution, one of 1-50. It is not necessary to test

higher dilutions.

n. MACROSCOPIC METHOD OF PROSCHER

Take four glass saltcellars. In the first place 0.5 c.c. of 1-10 dilu-

tion of serum used in the first experiment ; in the second 0.5 c.c. of 1-500

serum ; and in the third 0.5 c.c. of 1-2000 dilution ; in the fourth 0.5 c.c.

of salt solution. To each add 0.5 c.c. of typhoid suspension. The salt-

cellars are stacked one on top of the other and placed in the incubator

for one hour. At the end of this time they are taken out and may be

studied under low power of the microscope. A record is made of the

amount of clumping in each preparation.

m. THERMOSTABILITY OF AGGLUTININS

The agglutinins like the bactericidal sensitizing substance are

resistant to moderate heating but they do not require the reacti-

vation by the heat-sensitive alexin which is present in normal

serum. They are, however, destroyed by exposure to tem-

peratures of from 70° to 80°, in which respect they also resemble

the sensitizing substance.

In each of three agglutination tubes place 0.5 c.c. of a 1-10 dilution

of the immune senmi. Place one tube in a water bath at 56° C. for one
half hour. Place a second tube in a water bath at 73° C. for one half

hour. Reserve the third tube as a control. After heating add 0.5 c.c. of
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the killed typhoid suspension to each tube and incubate as in the first

experiment. It should be noted that the sensitiveness of the immune
bodies to heat varies somewhat according to the dilution in which they

are exposed, and if desired, exposm-e to 56° C. may be repeated with un-

diluted serum.

The student is referred to the hteratm-e given in the text-book on
the work of Joos and others on the variation in heat stabiUty of agglu-

tinins according to whether they are produced by the injection of heated

or unheated bacteria.

LESSON X
AGGLUXmmS (Continued)

I. Agglutination by Microscopic Method

(WIDAL test)

Dilutions for the microscopic test may be made in the same

maimer as those for the macroscopic, but it is often desirable ia

cHnical tests to work with smaller amounts of serum than can be

measured accurately in the ordinary graduated pipettes. In this

case capillary pipettes are used and the serum is measured either

by counting drops of serum and of salt solution, the same pipette

held at the same angle being used for both to insure accuracy,

or by using as an arbitrary unit the amount of fluid contained in

a capillary pipette from the tip to a wax pencil mark placed about

an inch from the tip. Students should practice making dilu-

tions by both of these methods. The former is the usual method

employed in diagnostic work ; the latter, however, is more ac-

curate.

Reagents

:

1. Seriun of rabbit immunized to B. typhosus.

2. B. typhosus— 24 hour cultm-e in broth.

3. Salt solution.

Take four watch glasses or saltcellars and by means of a capillary

pipette provided with a rubber nipple place 9 drops of salt solution in the

first watch glass and 5 drops in each of the other three. With the same
pipette place one drop of senun in the first saltcellar; (if a highly
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immune animal sermn is used this should previously be diluted about

1-100). Mix this dilution of serum thoroughly by drawing it in and out

of the pipette several times. Then place 5 drops of this first dilution

in the second watch glass. Mix the contents of the second glass as

before. Place 5 drops from the second glass in the third glass ; return

the remainder of the fluid to the second glass, mix the contents of the

third watch glass and remove 5 drops of this last to make its volimie

equal to that of the others. We now have fotu- watch glasses, each con-

taining 5 drops of fluid, representing 1-10, 1-20, 1^0 dilutions of the

serum in the flrst three, and salt solution in the fomth. The pipette is

now thoroughly rinsed with salt solution and fllled with the typhoid

broth. Five drops of the broth are allowed to fall into each of the

watch glasses, reducing the dilutions to 1-20, 1^0, and 1-80. These are

the usual dilutions used in the Widal test for diagnosis. By means
of a platinum loop a series of hang-drop preparations is then made,

first with the control, then of the highest dilution, etc. The drops are

allowed to stand at room temperature for an hour and are then studied

under a high, dry lens of a microscope and the completeness of the clump-

ing and the loss of motility in the different preparations recorded.

Watch Glass No. 1
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entire contents of the pipette into the first watch glass ; mix by drawing

the solution in and out of the pipette several times. Take up five units

of salt solution into the pipette in similar manner, then five units of the

first dilution, and place this mixtiire in the second watch glass. Place

five units of salt solution and five units of the second dilution in the third

watch glass. Remove five units from the third watch glass and discard.

Place five imits of salt solution alone in the foiu-th glass. Then with this

same pipette measure five imits of typhoid broth into each of the watch

glasses. Prepare hang-drops and incubate and observe as above.

Another method commonly used is to prepare the dilutions of serum

in one of the two ways given above, and then place on a series of cover

glasses with a platinum loop a drop of typhoid broth, then on each glass

with the same loop a drop of diluted senun, after which the two drops

are stirred together by means of a capillary pipette sealed at the end.

This method offers no advantages over the preceding.

The method sometimes used for clinical diagnosis, of diluting with

counted loopfuls of saline drops of dried blood sent to the laboratory

on glass slides, is exceeding inaccurate.

II. Effect of Salt on Agglutination

The agglutination of bacteria which occurs in the presence of

immune serum has many analogies to the flocculation of colloidal

suspensions by electrolytes and is dependent on the presence of

electrolytes in the solution. Bacteria sensitized with immimized

senmi agglutinate in the presence of traces of sodium chloride

and other inorganic salts, but not if suspended in distilled water.

These salts may also cause unsensitized bacteria to agglutinate,

and false clvunping due to their action is sometimes observed in

the control tubes of agglutination tests, especially if the bacteria

are grown in media which have become concentrated by drjdng.

This effect is more easily demonstrated with certain salts of the

heavy metals than with sodium chloride. The following experi-

ment wiQ serve to illustrate the effect of electrolytes on the agglu-

tination of sensitized and unsensitized bacteria

:

Reagents

:

1. Serum of animal immunized to B. typhosus.

2. B. typhosus— 24 hour agar slant.

3. Distilled water.
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4. 10 per cent salt solution.

5. Copper sulphate solution 0.8 per cent.

Prepare typhoid suspension (killed with formalin as in previous

lesson for the sake of safety). Place in each of two centrifuge tubes, with

pointed tip, 2 c.c. of the suspension. To tube A add 2 c.c. of agglutinat-

ing serum diluted 1-50. To tube B add 2 c.c. of distilled water. Allow

the tubes to stand at 37° C. for 30 minutes. Centrifugalize the tubes at

high speed until the supernatant fluid is clear. Resuspend the sedi-

ments in 5 c.c. of distilled water and again centrifugalize. To the washed

sediments add 2 c.c. of distiUed water and draw the mixture repeatedly in

and out of the capillary pipette in order to break up the climips and

obtain an even suspension. Set up the following tests in agglutination

tubes

:

1.
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them, and subsequently removing the agglutinated bacteria by
centrifugation. The agglutinins for this species having been ab-

sorbed by the bacteria will be removed by this procedure, leaving

the agglutinins for the species not used in the absorption \mia-

fluenced. For the complete removal of agglutinins it is necessary

to leave the serum in contact with the bacteria for a long period

and often to repeat the treatment of the serum with bacterial

suspension several times. These facts are illustrated in Experi-

ment 1.

The experiment illustrates the general principle that an animal

may produce specific and distinct antibodies simultaneously

against a mmaber of different antigens.

Experiment 1

Absorption of Agglutinins from the Serum of an Animal Im-

munized AGAINST Two Species of Bacteria

Reagents

:

1. Serum of an animal simultaneously immunized against Bacillus

typhosus and Bacillus coU. The students who have immunized this

animal should bleed it from the carotid at a preceding lesson and

should distribute the serum to other members of the class, diluted 1-10

with salt solution. Each student requires 5 c.c. of this dilution.

2. Thick suspension of typhoid baciUi kiUed by heating one hour at

55° C.

3. Thick suspension of colon baciUi killed by heating one hour at

60° C.

Both these suspensions should be used undiluted for the absorption,

and in a dilution of 1-10 for titrating the agglutination.

4. Salt solution.

A. PRELIMINARY TITRATION OF AGGLUTINATIVE POWER OF IMMUNE
SERUM

The dilutions of serum required for this test should be prepared

in f-inch test tubes according to a protocol to be made out by the indi-

vidual student. Before making any such series of dilutions it is highly

important to write out plainly the amount of serum and salt solution

to be placed in each tube in order to avoid errors.
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Set up the following experiment in agglutination tubes

:

Tube No. 1 Serum (1-20) 0.5 c.c. + Typhoid suspension 0.5 c.c.

2 Sermn (1-100) 0.5 c.c. + Typhoid suspension 0.5 c.c.

3 Serum (1-500) 0.5 c.c. + Typhoid suspension 0.5 c.c.

4 Serum (1-2000) 0.5 c.c. + Typhoid suspension 0.5 c.c.

5 Salt solution 0.5 c.c. + Typhoid suspension 0.5 c.c.

6 Serum (1-20) 0.5 c.c. + Colon suspension 0.5 c.c.

7 Serum (1-100) 0.5 c.c. + Colon suspension 0.5 c.c.

8 Serum (1-500) 0.5 c.c. + Colon suspension 0.5 c.c.

9 Serum (1-2000) 0.5 c.c. + Colon suspension 0.5 c.c.

10 Salt solution 0.5 c.c. + Colon suspension 0.5 c.c.

Incubate one hour at 37° C. and record the results.

B. ABSORPTION

Place in small centrifuge tubes

:

A. Serum (1-10) 1.5 c.c. + Thick typhoid suspension 1.5 c.c.

B. Serum (1-10) 1.5 c.c. + Thick colon suspension 1.5 c.c.

Incubate one hour. (For complete absorption, incubation in the

thermostat should be followed by 12 or more hours in the refrigerator.)

Centrifugahze at high speed and remove the clear supernatant fluid.^

C. TITRATION OF THE SERUM AFTER ABSORPTION

The supernatant fluid obtained by centrifugation should be tested

undiluted (it corresponds to a 1-20 dilution of the original serum) against

the same organism used for absorption, and as the absorption is often

incomplete after this short incubation a similar test should be set up
of the supernatant fluid diluted 1-5 (corresponding to a 1-100 dilution

of the original serum). The supernatant fluid should also be tested

against the organism not used in absorption in the highest dilution in

which agglutination was foimd in the preliminary titration.

1. Supernatant fluid A 0.5 c.c. + Typhoid suspension 0.5 c.c.

2. Supernatant fluid A (1-5) 0.5 c.c. + Typhoid suspension 0.5 c.c.

3. Supernatant fluid A 0.5 c.c. + Colon suspension 0.5 c.c.

4. Supernatant fluid in high-

est dilution in which it

agglutinated colon in pre-

liminary titration 0.5 c.c. + Colon suspension 0.5 c.c.

' It should be noted that absolutely complete removal of agglutinins is not
possible except by many times repeated absorption.
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5. Supernatant fluid B 0.5 c.c. + Colon suspension 0.5 c.c.

6. Supernatant fluid B (1-5) 0.5 c.c. + Colon suspension 0.5 c.c.

7. Supernatant fluid B 0.5 c.c. + Typhoid suspension 0.5 c.c.

8. Supernatant fluid in high-

est dilution in which it

agglutinated typhoid in

original titration 0.5 c.c. + Typhoid suspension 0.5 c.c.

9. Salt solution 0.5 c.c. + Typhoid suspension 0.5 c.c.

10. Salt solution 0.5 c.c. + Colon suspension 0.5 c.c.

Incubate one hour at 37° C. and record results.

Tubes 1, 2, 5 and 6 should show no agglutination if absorption has

been complete. If all the agglutinin has not been absorbed, however,

there may be clumping in tubes 1 and 5. The bacteria in tubes 3, 4, 7

and 8 should be agglutinated.

GROUP AGGLUTININS

The serum of animals highly immimized to one species of

bacteria will often agglutinate closely related bacteria, though

this action is invariably weaker than the agglutinative power for

the bacteria used in immunizing the animal.

Thus the serum of an animal which before treatment agglu-

tinated Bacillus coli in dilutions of 1-20 and Bacillus typhosus in

dilutions of 1-5, after immunization with Bacillus typhosus may
agglutinate Bacillus coli as highly as 1-100, and BaciUus typhosus

up to 1-10,000 or more. This iadicates a close similarity in the

chemical constituents of the two antigens— the Bacillus typhosus

antigen containing small amounts of the protein present in Bacillus

coli. Absorption with Bacillus typhosus will remove both the

BaciQus typhosus and the colon agglutinins. Absorption with

Bacillus coli will take out only the colon agglutinin, the serum still

agglutinating Bacillus typhosus 1-10,000.

The serum here contains at least two tjrpes of agglutinins, the

so-called major or specific agglutinin which reacts only with the

homologous bacteria, and the minor or group agglutinins which

react both with the homologous bacteria and with the allied

species. If such a serum is added to a suspension of the homolo-

gous bacteria both major and minor agglutinins are absorbed
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and the supernatant fluid obtained after centrifugation has lost

its agglutinative power both for the homologous strains and for

allied species. If, on the other hand, the serum is treated with a

suspension of the one aUied species, the minor agglutinins only-

are absorbed. The supernatant fluid then shows undiminished

agglutinative power for the homologous strain, but does not ag-

glutinate the aUied strain used in absorption. These facts are

brought out in Experiment 2.

Experiment 2

Absokption of Major and Minor Agglutinins from Serum op

AN Animal Immunized Against a Single Species

Reagents

:

1. Serum of an animal immunized to Bacillus typhosus. The
serum must be known to contain group agglutinins for Bacillus coli.*

2. Two specimens of the same serum in 1-20 dilution which have

stood in contact over night with typhoid and with colon bacilli re-

spectively. These may be prepared on the previous day by the in-

structor. Heavy suspensions of typhoid and colon bacilli are first

prepared by washing off the growth of a number of agar bottles and

heating for one hour at 56° and 60° respectively. To each of these sus-

pensions is added an equal volume of a 1-10 dilution of agglutinating

serum. The tubes are incubated for one hour at 37°, shaken thoroughly

and placed in the ice box over night. They should be shaken once or

twice during the period of 24 hours. They are then centrifugaUzed and

the supernatant fluids removed and used in the second part of the

experiment.

3. Suspension of killed typhoid bacilli as in Experiment 1.

4. Suspension of killed colon bacilli as in Experiment 1.

5. Salt solution.

(1) Titrate the original antityphoid serum against both typhoid

and colon emulsions according to the following protocol. This gives a
basis for comparison with a similar test on the same serum after it has

been in contact with the bacteria.

' To insure successful class work this must be previously ascertained in
each case, since individual animals may vary considerably in regard to the pro-
duction of minor agglutinins.
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1. Serum (1-10) 0.5 c.c.

2. Serum (1-10) 0.5 c.c.

3. Serum (1-50) 0.5 c.c.

4. Serum (1-50) 0.5 c.c.

5. Serum (1-200) 0.5 c.c.

6. Serum (1-200) 0.5 c.c.

7. Serum (1-1000) 0.5 c.c.

8. Serum (1^000) 0.5 c.c.

9. Salt solution 0.5 c.c.

10. Salt solution 0.5 c.c.

+ Typhoid suspension 0.5 c.c.

+ Colon suspension 0.5 c.c.

+ Typhoid suspension 0.5 c.c.

+ Colon suspension 0.5 c.c.

+ Typhoid suspension 0.5 c.c.

+ Colon suspension 0.5 c.c.

+ Typhoid suspension 0.5 c.c.

+ Typhoid suspension 0.5 c.c.

+ Typhoid suspension 0.5 c.c.

+ Colon suspension 0.5 c.c.

Incubate one hour at 37° C. and observe.

(2) Set up the following tests with the same serum, from which

in this case, however, the agglutinins have been removed by ab-

sorption :

1.

2.

3.

4.

5.

Serum absorbed with typhoid 0.5 c.c. + Typhoid suspension 0.5 c.c.

Sermn absorbed with typhoid 0.5 c.c. + Colon suspension 0.5 c.c.

Serum absorbed with colon

Serum absorbed with colon

Serum absorbed with colon

in the highest dilution

which agglutinated
typhoid baciUi before

absorption

0.5 c.c. + Typhoid suspension 0.5 c.c.

0.5 c.c. + Colon suspension 0.5 c.c.

0.5 c.c. + Typhoid suspension 0.5 c.c.

Incubate for one hour and observe.

LESSON XII

EFFECT OF H-SIMOLYTIC AND H.ffiMAGGLUTINATIVE SERA
IN VIVO

1. Preliminary Tests

A RABBIT receives at four-day intervals four intravenous injections

of 2 c.c. of washed, cat's red blood cells. For obtaining the cells a cat

under ether is bled from the carotid or jugular. The defibrinated cat's

blood if sterile can be kept four days and thus used for two injections.

Seven to ten days after the last injection the rabbit is bled and the

hsemolytic and agglutinative power of the inactivated immune serum for

cat's cells is tested.
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The following test is made to determine the hsemolytic power of the

anti-cat rabbit sermn

:
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Materials

:

5 Cats

2 Rabbits

Hypodermic syringe

Fresh guinea pig serum

Test tubes

Test tube rack

Cover slips, microscope slides

Blood staiQ (Wright's, Giemsa's or Jenner's)

LESSON XIII

ISOttaEMOLYSIS AND ISOAGGLUTINATION

Transfusion Tests

Antibodies in the blood of one animal capable of acting on

the blood of another animal of the same species are called iso-

antibodies. Isoagglutinias and isohsemolysins sometimes occur

naturally and they can often be made to appear by immvmization

of animals with the blood of other animals of the same species.

They appear with a peculiar regularity which indicates that there

are certain groups of individuals within one and the same species

whose blood is strictly homologous only with other members of the

same group. Among human beings there are four such groups,

sharply defined, permanent and hereditary. The existence of

these antibodies is of practical importance ia connection with

blood transfusion because more or less serious results may ensue

if a patient is transfused with the blood of a donor who belongs to

another group and whose blood is therefore either hsemolytic

or hsemagglutinating for the patient, or vice versa. (See table

in "Infection and Resistance," page 238.)

Before transfusion, therefore, unless the urgency of the case for-

bids, a number of prospective donors are tested, and one is chosen

whose blood does not lake or agglutinate when mixed with that of

the patient. The serum of each donor must be tested with the

blood cells of the patient and the senim of the patient with the

cells of each donor.

There are two methods of collecting blood for these tests

:
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(A) When possible from a vein, 3 to 5 c.c. in a test tube for serum,

10 drops ia 5 c.c. of a solution containiag 1 per cent sodium

citrate and 9 per cent sodium chloride, for the red cell emulsion.

(B) By pricking the finger with a Hagedom needle and mQking

out from 1 to 2 c.c. of blood which is collected in a Wright capsule

for serum and 10 drops in citrate-salt solution for cells.

Students make Wright capsules and collect specimens of blood

from each other. The capsules are of heavy glass tubing, 7 to 8 mm.
in diameter, about 10 cm. long, and drawn to a capillary opening of

about 1 mm. diameter at each end. They are laid on the table and drops

of blood expressed from the finger are allowed to enter them by capillary

action. When the capsule is two thirds fuU, the blood is allowed to clot

and the open end of the capsule is sealed in the flame, great care being

taken not to heat the blood. Senmi is obtained by centrifugaHzing the

capsules and cutting them with a small file.

The cell emulsions are prepared by washing the citrated blood twice

with salt solution and making up to 5 per cent by comparing the opacity

with that of a 5 per cent sheep cell suspension, or by measuring with

capillary pipette 1 volume of sedimented human cells and 19 volumes

of saline.

Each student should make 12 Wright capillary pipettes of strong

glass tubing, 4 to 5 mm. in diameter. These pipettes are made by cut-

ting the tubing into pieces about 4 inches long, heating the center of

each piece to melting and drawing out to a capillary of about 1 mm.
diameter and 4 or 5 inches long. The caphlary is then broken at the

middle, giving two pipettes. Adjust nipple to the pipettes. Make a

mark on the capillary end of each pipette near the hilt. Draw up 1

volmne of serum to the mark, then a small bubble of air, then another

volume of serum, and another bubble of air, and then a volume of the

cells which are to be mixed with the serum ; (the serum is used in excess

because in this way it is sometimes possible to detect a weak hsemolytic

action which would otherwise be overlooked on account of the low com-

plement activity of himian blood). Draw the mixture into the body of

the pipette and seal the capillary tip in the flame. Mix the fluid by
rotating the pipette. Remove the nipple. Throughout these steps

keep the pipette approximately horizontal so that the fluid remains in

the body of it and does not flow to either end. Seal the open end of the

pipette by dipping in melted parafiine. Mark the pipette with a glass

pencil, using the munber assigned to the serum as the numerator, that

assigned to the cells as the denominator, of a fraction.
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Each student tests one specimen of serum against 10 different indi-

viduals' red cells. Make a control of each serimi with its own red cells.

Lay all the pipettes on their sides on a tray and incubate at 37.5° C.

for one hour. Then make observations for haemolysis or agglutination

and make the results of all the tests into a table to illustrate Land-

steiner's law of the groupings of human isoagglutination.

The accompanying table shows actual tests of the blood of four

patients in hospital wards who needed transfusion and the blood of

11 prospective donors. The letters Y, H, T and E represent the pa-

tients, "-f" marks indicate agglutination. "0" indicates absence

agglutination and haemolysis, "h" indicates haemolysis. The vertical

column under "Sermn" indicates that the serum of the patient is mixed

with the cells of each of the donors whose numbers are in the column

to the left. The vertical colmnn under "Cells" indicates that the cells

of the patient are mixed with the senmi of each of the donors whose

numbers are in the column to the left.

Y
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9 and 10 must belong to group 3. It is interesting to note that of the two

patients who have hsemolysins in their blood, patient T has haemolysins

only affecting the one group (presumptive group 3— Nos. 7, 8, 9 and 10)

.

and agglutinins affecting the other group (Nos. 3 and 5), while patient

E has not only agglutinins but haemolysins affecting both groups. This

illustrates the fact that there are two hemolysins as well as two agglu-

tinins and that the groups of the hemolysins parallel those of the ag-

glutinins.

The class needs

:

Heavy glass tubing 7-8 mm. diameter.

Heavy glass tubing 4-5 mm. diameter.

Litre 1 per cent sodium citrate in 0.6 per cent sodium chloride.

Litre 0.9 per cent sodium chloride solution.

Triangular files.

Rubber nipples to fit 5 mm. tubiag (one nipple for each student).

Hard paraffine in casserole.

LESSON XIV

TITRATION OF PRECIPITATING SERA FROM RABBITS

Specificity of Precipitins

Precipitating sera are active against proteins in high dilu-

tions. Their specificity is great but is limited by group reactions

so that a precipitating serum for the protein of any species of

animal or bacteria will give precipitation with closely related

species in low but not in high dilutions On this is based NuttaU's

well-known study of blood relationships.

Students working in groups bleed serum-treated rabbits (Lesson I)

from the carotid 10 days after the last injection, taking about 20 c.c.

of blood in small centrifuge tubes. The animal should be in a fasting

state in order that the serum will be clear. Allow the blood to clot and

centrifugaMze.

Experiment 1

One half of the students ui the class make dilutions in large test

tubes of sheep serum or human serum respectively (according to par-

ticular serum with which rabbit has been treated) as follows : 1-10,1-20,

1-50, 1-100, 1-200, 1-500, 1-1000. In order to test the specificity of the

reaction the other half of the students make similar dilutions ofserum from
other species of animal— guinea pig, dog, cat, sheep, horse, as available.
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Then set up the following mixtures in small "precipitation" tubes

(tubes of about 5-8 mm. diameter)

:

Tdbe
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Precipitins can also be produced against proteins heated to

70° or over. For the principles of such experiments see Infection

and Resistance, page 260.

LESSON XV

FORENSIC PRECIPITIN TEST

The precipitin reaction is used in medicolegal work to identify

blood stains and to detect adulterations or substitutions in

meat or other food products. Since the specificity of the precipi-

tin reaction is subject to limitations similar (though not as

marked) to those discussed in the case of agglutination, the pre-

cipitating serum used in forensic tests must be very potent.

Preliminary test should show that the serum gives distinct cloud-

ing with its homologous antigen diluted 1 to 1000, within five or

ten minutes at room temperature.

An effort is made to get the suspected protein into approxi-

mately this dilution.

1

Each student gets

:

1.0 c.c. antihuman serum.

1.0 c.c. antisheep serum.

0.4 c.c. normal rabbit serum.

Two specimens of material with dry blood to be identified. (To some

of the students sheep blood is given ; to others human blood or that of

other species.)

From each of the specimens upon which blood has been dried the

blood must be soaked off in salt solution. This can be done' by placing

the material in a test tube with 5 c.c. salt solution and shaking for

10 or 15 minutes until the solution presents a lasting foam. This is

evidence that the protein is in solution in a concentration of at least 1 part

in 1000. Old specimens must often be left in salt solution in the refrig-

erator for 24 hours or longer. Such prolonged soaking is done in the

refrigerator in order to avoid destruction of the antigen by bacterial

growth. Since the nature of the reaction makes it necessary that the

material to be examined shall be absolutely clear, it is now cleared by
filtration or centrifugation ; if there is enough material the acetic-acid-

and-boiling test can be done and the cloud compared in heaviness with

a 1-1000 dilution of sermn of the suspected variety of blood, similarly
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will fix complement so that the subsequently added red cells

sensitized by their appropriate hsemolytic immune-body will fail

to be laked, because no free complement is available. Neither the

antigen alone nor the antibody alone wiU fix complement in this

manner.

Unfortunately bacterial cell bodies (like many other sub-

stances) if in sufficiently large amounts will of their own accord,

probably for purely physical reasons, absorb complement, in a

non-specific way, i.e., without the presence of a specific antibody.

For this reason before doing a Bordet-Gengou reaction (and,

as win be seen later, in all complement fixation work) it is neces-

sary to determine the degree to which such non-specific comple-

ment fixation wiU take place with the given antigen and to use

in the actual test an amount too small to give such a false reaction.

Experiment 1

Pkeliminart Determination of Non-specific Complement Bind-

ing Power of Bacteria

Emulsify a 24 hour agar slant of typhoid bacilli in 10 c.c. of salt

solution. Heat at 60° C. for 30 minutes.

Tube





104 LABORATORY COURSE IN SERUM STUDT

haemolytic action of complement then use 0.1 c.c. of emulsion in the

tests as follows

:

Tdbe
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Complement fixation is even more delicate a method of identifying

a protein than is the precipitin reaction.

Reagents

:

1. Sermn of rabbit immunized against human serum, diluted 1-5.*

2. Human senun, diluted 1-5.

3. Guinea pig serum, diluted 1-10.

4. Washed sheep cells, 5 % suspension.

5. Serum of rabbit immunized against sheep cells (antisheep-cell

amboceptor).

Set up the following tubes :

Tube
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Materials
Each student needs

:

3.0 c.c. Antihuman serum (1-5).

1.0 c.c. Human serum (1-5).

4.0 c.c. Guinea pig serum (1-10).

4.0 c.c. Sheep ceUs (1-20).

0.5 c.c. Dog, cat, horse or sheep serimi (1-5).

15 units antisheep-cell amboceptor.

Salt solution.

10 one-c.c. pipettes.

15 half-inch test tubes.

1 test tube rack.

LESSON XVIII

FORENSIC COMPLEMENT FIXATION

The fixation of complement by the specific action of a protein

and the serum of an animal immimized against it, is the basis

of a forensic test for the identification of blood stains and also for

the recognition of meats placed upon the market (for instance,

the detection of horse meat in sausages).
'

Since the injection of the protein from any organ or tissue of

an animal results in antibodies which react with extracts from

any other tissue of the identical species {i.e., antibodies which are

race-specific and only to a slight degree organ-specific), it is

not necessary to produce the antiserum for the detection of meat

by injection of meat extract. The injection of serum or of blood

of the same species gives quite as useful antibodies and is much
more convenient.

For the preparation of extracts from meat Seiffert recommends

the infusion of 30 grams of finely chopped meat in 30 c.c. salt

solution ; the mixture is to stand for 12 hours in the cold, and is

then filtered through a hard paper. Students prepare extracts

of two types of meat given out,^ extracting 5 grams of chopped

' One of these slioTild if possible be horse meat which can usually be ob-

tained from a board of health or a veterinary institution. The antihorse serum
is prepared in advance by the injection of three rabbits with horse serum.
(Lesson I.) If it is not possible to obtain horse flesh, the whole experiment can
be done with antisheep serum and mutton obtained from a butcher.
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meat with 5 c.c. of salt solution and filtering. The clear solution

represents approximately a 1-100 dilution of the protein. From
it a 1-1000 dilution should be prepared.

The following experiment should then be set up :

Tttbe
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LESSON XIX

WASSERMANN REACTION 1

Preparation op the Antigen

The general principles of the technique of the Wassermann

reaction are the same as those of other forms of complement

fixation already discussed— with one notable exception : the

antigen is not specific in origin, i.e., is not made from Spirochseta

pallida or (as it originally was) from syphihtic organs. Land-

steiner and his successors found that equally good or better re-

sults could be obtained with lipoidal substances extracted from

normal organs by means of alcohol and other lipoid solvents.

Various lipoid mixtures are now used, the most serviceable being

alcoholic extracts of normal heart muscle, — usually beef, giiinea

pig, or himian heart. Sometimes cholesterin is added to the al-

cohohc extract. The alcoholic solution, of course, is well diluted

with saline solution before use. These facts, empirically ascer-

tained since the introduction of the Wassermann reaction, show

definitely that this test is not dependent upon an antigen-

antibody union as is the case with other forms of complement

fixation.

No matter what lipoid antigen is used, its specificity and dos-

age have to be determined by careful preliminary titrations and

by trial on known syphilitic and non-sjrphilitic sera before it can

be used in diagnostic work.

As the preparation of antigen for use in the Wassermann test

takes time it had better be begun about three weeks before the

antigen is needed for the experiments below. The preparation

of three typical and useful antigens will be described. The class

should be divided into three groups of students and each group

of students should be made jointly responsible for the prepara-

tion of one or two specimens of one of the types of antigen.

• Lessons XIX and XX should be repeated— if possible, an entire week
given to them.
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A
SIMPLE ALCOHOLIC EXTRACT OF HEART MUSCLE

Human, guinea pig, and beef heart are used by different workers

and are of practically equal value. Heart muscle is finely chopped

and extracted at 37° C. in 10 volumes of absolute alcohol, for

from three to seven days. The jars in which the heart muscle is

kept should be shaken one or more times a day. If guinea pig

hearts are used, a jar of 100 c.c. of absolute alcohol is set aside,

and the hearts are groimd up and dropped into the alcohol when-

ever a guinea pig has to be killed for any laboratory purpose. It

is important to remove aU blood from the heart. If beef or human
heart is used it is important to remove all fat and tendon before

the heart is extracted. At the end of the period of extraction the

alcohol is filtered and the filtrate tested as described below.

B

CHOLESTERIN REENFORCED HEART EXTRACT

The guinea pig hearts ^ are weighed before being added to the

alcohol. Thirty grams of finely ground heart are extracted at

least 14 days at 37° C. with 300 c.c. of absolute alcohol. This

is then filtered and half the filtrate is placed in a flask with an

excess (say 5 grams) of chemically pure cholesterin. This is kept

at 37° C. overnight and then in a water bath at 16° C. for three

hours (to precipitate excess of cholesterin). This saturated solu-

tion is then filtered and the other half of the original heart extract

is added to it, giving a heart extract which is half saturated with

cholesterin.

C

NOGUCHl's ACETONE-INSOLUBLE FRACTION OF HEART EXTRACT

Whereas in the preceding antigen cholesterin was added to

the heart extract, Noguchi obtains a highly specific antigen by

removing the cholesterin and certain other substances from the

heart extract by means of precipitation with acetone (in which

* Some workers use tumaa or beef hearts.
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cholesterin is soluble whereas lecithin and certain allied lipoids

are insoluble in it).

Extract 100 grams of mashed heart muscle with a liter of

absolute alcohol at 37° C. for several days. Filter and evaporate

to dryness with an electric fan. This usually takes 12 to 24 hours.

Dissolve the residue in ether (avoid flames). Stand the milky

ether solution in the ice box overnight and decant off the clear

supernatant portion. Evaporate this before an electric fan to a

small volume and to it add about 10 volumes of pure acetone.

Allow to stand for several hours and decant off the acetone.

Scrape the precipitate off with a spatula and preserve it under

acetone. For use dissolve about 0.3 grams of the brownish sticky

precipitate in 1 c.c. of ether and to it add 9 c.c. methyl alcohol.

The alcohol solution is fairly stable and can be used as a stock

solution.

II

Titration of Wassermann Antigen

AlcohoHc extracts of organs contain substances which are

hsemolytic and substances which have the power of binding com-

plement non-speciiicaUy, much as do bacterial suspensions and

extracts. They also contain substances which in combination

with syphilitic sera have the power of binding complement.

It is important to test for all three of these properties and a suit-

able extract must show an antigenic value (that is, the power to

bind complement in the presence of syphilitic serum) much higher

than its anticomplementary or haemolytic values. The hsemolytic

power of the antigen seldom interferes practically, and is some-

what interfered with by the guinea pig and human serum used in

the test.

Before standardizing the antigen, the alcoholic concentrated

antigen should be diluted 1-10 with salt solution, and the way in

which this suspension is made is of importance since the antigen

is in colloidal suspension and not in true solution and the anti-

complementary and antigenic value depend certainly in part on

the physical condition of the antigen. This will vary according
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to whether the alcohohc extract is run rapidly into the salt solu-

tion which is used as diluent or whether the extract is diluted by

dropping salt solution into it. It is not of so great importance

which of the two methods is used as that the same method should

be used throughout both preliminary titrations and tests.

Each student tests one of the three antigens made by the class.

This antigen is to be made up to a 1-10 dilution with saline. Add the

saline slowly to the antigen. Each student needs about 10 c.c. of the

1-10 dilution.

A sjrphilitic (Wassermann+++ 4-) and a normal human serum con-

taining no or very little antisheep-cell amboceptor are chosen : they are

inactivated at 56° C- for half an hour before use.

Set up the following series of tubes :

1. Determination of Anticomplementaey Dose

Tube

1
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and perhaps none in 8 and 9, then the quantity contained in

Tube 11, namely 0.1 c.c, of the 1 to 10 dilution, is the antigenic

dose or unit. It is desirable to use 4 or 5 times this imit in the

test, and if this quantity does not exceed one third of the anti-

complementary dose determined in Series 1, the antigen is suitable

for use.

Series 4

The object of Series 4 is of course to show that inactivated

normal sera do not fix complement in the presence of the antigen.

In practice no worker should be satisfied to test a new antigen

against merely one normal serum, but before using the antigen in

routine tests it should be used for some time parallel with an old

familiar antigen.

Series 5

Series 5 controls the positive and negative sera used in the

preceding series. They are carried out because under certain

circumstances sera become anticomplementary, especially if kept

for several days. If this occurs, the anticomplementary property

can usually be destroyed by heating to 56° C. However, occa-

sionally even inactivated sera may remain sUghtly anticomple-

mentary. Therefore these controls are indispensable.

Materials
Each student needs

:

1.0 c.c. antigen (undiluted).

10.0 c.c. complement (1-10).

15.0 c.c. 6 per cent sheep cells.

45 units amboceptor.

1.0 c.c. positive (+++ +) serum,

1.0 c.c. negative serum.

Salt solution.

25 haK-inch test tubes.

5 one-inch test tubes.

6 one-c.c. pipettes.

1 two-c.c. pipette.

1 five-c.c. pipette.

1 test tube rack.

Electric fan.
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LESSON XX

WASSERMANN REACTIONS

II

Technique of Tests

I. Preliminary Complement Titration

On account of the complement variability of guinea pigs'

serum and of the desirability of using a uniform amount of com-

plement, a fresh titration of the complement is done on each

occasion when Wassermann tests are performed. In order to

allow a margin of safety, twice that amount of guinea pigs' serum

is used in the tests which in the preliminary titration gives com-

plete laking with 2 imits of amboceptor in 15 minutes.

(The quantities of all the ingredients given here are known as

"haK Wassermann" quantities; that is, for the sake of economy and

convenience half the amount of patients' serum, guinea pig serum,

sheep cells, etc., described in the original Wassermann test are used

and the total volume is made to 2.5 c.c. instead of 5 c.c. Some workers

carry economy farther and use "tenth Wassermann" quantities.

There are also some workers who instead of redetermining the dose

of complement each time, keep the dose of complement constant—
0.5 c.c. of 10 per cent serum for half Wassermanns— and redetermine

the amboceptor unit. The net result is not very different, but since the

guinea pig is the variable factor it seems more reasonable to vary the

amount of guinea pigs' serum.)

Into each of 7 tubes put 0.5 c.c. of 5 per cent sheep cells, two units

of amboceptor and 10 per cent complement (fresh guinea pig serum) in

the following amounts

:

Tube
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Set up one tube (complement control) with 0.5 c.c. of sheep cells

and 0.5 c.c. of complement only, in order to make sure that the guinea

pig serum alone is not at all hemolytic.

For the tests twice that amount of complement is used which just

gives complete haemolysis in 15 minutes. With average guinea pigs

0.25 c.c. gives this and 0.5 is used in the test.

II. Preparation of Serum

Inactivate at 56° C. for one half hour a known syphilitic and a

known normal serum and one or more sera to be examined.

III. Setting up the Tests. Primary Incubation

Test tube racks with two rows of holes are used so that each serum

may have a "front" tube and a corresponding "back" tube.

(a) Into each of a pair of 5 c.c. test tubes measure 0.1 c.c. of each of

the sera.

(6) Into one (the front tube) of each pair measure a dose of diluted

antigen. (The dose is one third of the largest amount which by
previous titration has been found not to interfere with the action of the

amount of complement used in the test.)

Into an extra tube measure two doses of antigen (antigen control

tube).

(c) Into all tubes measure the predetermined dose of complement.

Shake each tube at once. Add enough sahne to make the contents

of all the tubes approximately 2 c.c.

,(d) Incubate in water bath for one hour at 37° C. (With certain

antigens, as for instance with alcohoUc heart extracts, somewhat more

dehcate results can be obtained by a four hour preliminary incubation

in the ice box at 8°-12° C. For class work, however, this is

impractical.)

IV. Addition of ILemolytic System. Secondary Incuba-

tion. Reading of Results

Into all tubes measure 0.5 c.c. of 5 per cent sheep cells to which

2 units of amboceptor have been added. Incubate at 37° C. Read the

results when the double antigen tube and all the serum control tubes

(t.e. those containing no antigen) are completely laked.

Fill out a protocol of the degree of inhibition, if any, in the various

tubes

:
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Inhzbitiox Shown
IN Test

Inhibition Shown
IN Control (with-
out Antigen)

,

Rebttlt op
Wassebmann Test

Positive serum
Negative serum
Unknown serum 1

Unknown serum 2
Unknown serum 3
Double dose of antigen

LESSON XXI

COMPLEMENT FIXATION WITH BACTERIAL EXTRACTS

On account of the rather high anticomplementary strength of

the insoluble portion of bacterial bodies themselves, in practical

complement fixation tests the effort is made to obtain the anti-

genic substance of the microorganisms in more or less pure solu-

tion. This is partially accompHshed by extracting with distilled

water, by mechanical breaking up of the bacterial bodies, etc.

Bacterial complement fixation with antigens of this tjrpe is of

practical diagnostic use in gonorrhea, glanders, typhoid fever,

whooping cough and other diseases.

Cultures of the same species of organism isolated from differ-

ent sources often s];iow considerable biological differences, and

an immune serum which fixes complement with one such strain

often gives only partial fixation with another. For this reason,

in diagnostic tests, polyvalent antigens are used, i.e. antigens

made of numerous different strains of the bacteria in question.

On account of the prolonged manipulations required students

will not make bacterial antigens for these tests,^ but will be pro-

' The technique of preparing the Gonooocous antigen as practiced at the

New York Board of Health and supplied to us by the kindness of Miss M. P.

Olmstead is as follows :

The strains used in the polyvalent antigen are ten of those shown by Torrey

to be serologically distinct— A, B, C, G, K, L, N, O, Q, S.

Stock transplants are kept on glucose ascitic agar, prepared as follows

:

Bob veal, lean, chopped fine 1 lb.

Distilled H2O 1 liter.

Mix, stand overnight at room temperature. Heat to 45° C. one hour.
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vided with extracts already made which require only to be

properly diluted with saline before use, and with these extracts

will do fixation tests for Gonococcus and for Glanders.

Bring to a boil. Strain through cheese cloth.

Bring to original volume. Add agar 1^ per cent, Witte's peptone 2 per cent,

NaCl J of 1 per cent.

Titrate. Reaction should be neutral to phenolphthalein.

Filter through a filter made with a layer of cotton, one of filter paper, another
layer of cotton. Filter several times.

Autoclave J hour at 15 lb. pressure.

Glucose 2 per cent.

10 grams of glucose dissolved in 50 c.c. distiUed H2O. Sterilize three days
for 20 minutes in Arnold.

Ascitic fluid 20 per cent.

Ascitic fluid is filtered through Berkefeld, sealed in sterile flasks, incubated

at 37.5° several days before using. Glucose solution and ascitic fluid

are mixed before adding to tubed and sterilized agar. Incubate tubes.

Keep two days before using.

Transplant the stock cultures every 48 hours. The gonococcus must always

be kept at 37.5° C. Any inequality of temperature will cause a poor growth of

the organism.

For the antigen transplants use veal agar prepared as above, except that salt,

glucose and ascitic fluid are omitted. The reaction should be very carefully

adjusted ; it should be neutral at the last titration before autoclaving, and when
ready to use 0.1 to 0.2 per cent acid, preferably 0.1 per cent. Medium is titrated

hot with N/20 NaOH. No change should take place when phenolphthalein is

added. One or two drops of NaOH produce a faint pink color which disappears

on adding one or two drops of N/20 HCl. The agar is then bottled and auto-

claved one half hour at 15 lb. pressure.

To prepare antigen take 24-hour stock cultures and transplant to potato

tubes (tube 6x1 inch) of salt free veal agar neutral to phenolphthalein. Incu-

bate 24 hours. Transfer all this growth by means of sterile cotton swabs to

wide-mouthed Blake bottles (one tube to a bottle) containing neutral salt free

veal agar, gently rubbing the swab over the entire surface of the agar. Incubate

for24 hours. Wash off all this growth, if good, with neutral sterile distilled water,

10 c.c. to a bottle. If the growth is poor, 5 c.c. is sufficient. The bottle should

be gently tipped back and forth two or three times after the water is added and
the growth scraped off lightly with a bent glass rod. Do not allow the water

to remain on the agar more than a few seconds. The resulting emulsion is auto-

lyzed for one hour in a water bath at 56° C. and at 80° C. for one hour. Filter

the autolyzed emulsion through a Buchner funnel which has been well packed
with paper pulp and then through a sterile Berkefeld filter of N or V porosity.

As new filters are very alkaline they are taken to pieces before use and boiled

in distUled water at least three times, five minutes each time, being scrubbed

thoroughly with a small brush in fresh water after each boiling. Then the filter

is set up and hot distiUed water allowed to stand in it for five minutes. Hot
neutral distilled water is then run through it under gentle pressure until fiuid is

clear and neutral when tested with phenolphthalein. After a filter has been used
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GoNOCOCCus Complement Fixation

The antigen provided is a distilled-water extract. It is to be diluted

1-10 with 0.9 per cent saUne solution. The preliminary titration is

done exactly as with the typhoid emulsion in the preceding lesson in

order to determine the "anticomplementary dose" of the antigen.

That amount which just shows beginning inhibition of haemolysis when
two units of amboceptor and two units of complement (0.5 c.c. of 1-10

dilution) are used is designated the anticomplementary dose, and one

quarter of this dose is used as the dose of antigen in the test. Supposing

that this anticomplementary dose is found (with 0.5 c.c. of 1-10 guinea

pig serum, 0. 5 c.c. of 5 per cent sheep cells, and two units of amboceptor)

to be 2.0 c.c, then the tests are set up as follows

:

TtTBB
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II

Glanders Complement Fixation

This is carried out in the same manner as the gonococcus test,

using the serum of a known glanders-infected horse as a positive con-

trol.i

Tube
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Materials needed for each student for glanders fixation

:

0.5 c.c. positive glanders serum from a horse known to be infected

and giving a positive glanders complement fixation reactiorf.

0.5 c.c. normal horse sermn.

5.0 c.c. glanders antigen.

5.0 c.c. guinea pig serum (1-10).

5.0 c.c. 5 per cent sheep cells.

20 units amboceptor.

20 half-inch test tubes.

10 one-c.c. graduated pipettes.

1 test tube rack.

Salt solution.

LESSON XXII

THE STANDARDIZATION OF DIPHTHERIA ANTITOXIN

(The proper understanding of the work in this lesson requires

a review of the constitution of diphtheria toxins and the theoreti-

cal principles involved. The student should read again the sec-

tion on toxin and antitoxin in Infection and Resistance, in Kol-

mer's Infection and Immunity, in Paul Th. Muller's Vorlesungen

uber Infektion und Immunitat, in the Krause und Levaditi

Handbuch, or in some other work in which these principles are

discussed at length.)

When extensive therapeutic use first necessitated the estab-

hshment of a standard of dosage for diphtheria antitoxin, it was

hoped that a method could be developed depending upon simple

in vitro titration analogous to the titration of normal acid against

normal alkah solutions, in which the imknown antitoxin could

be measured against known amoimts of a standard toxin. Since

no visible or chemically determinable reaction takes place between

the two substances in the test tube, the only method of ascertain-

ing whether or not the given quantity of toxin was neutralized

by the antitoxin was to inject the two substances, at first separate

but later previously mixed, into susceptible animals and learn

from the result whether or not free, unneutraUzed toxin was left.

The guinea pig, chosen as the most suitable test animal, therefore,

took the place in these reactions of the "indicator " to demonstrate
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the presence of free, unneutralized toxin by its death, just as

phenolphthalein in acid-alkaU titrations indicates the presence of

free alkaU by a pink color. Since guinea pigs of different weights

and ages have varying resistances against the poison, a standard

weight for such measm-ements, namely 250 grams, was estabUshed.

The first step toward such a standardization, of course, con-

sisted in establishing standards of measurement for toxin. Beh-

ring, later together with Ehrlich, established as a toxin unit or

MLD (minimal lethal dose) the amount of a toxin solution which

would IdU a guinea pig of 250 grams. Because of the importance of

the time element this was later modified to represent the amount

which woiild kiU such a guinea pig in from four to five days.

The antitoxin unit later established mainly by the efforts

of these two workers was designated as the amount of the anti-

toxin, i.e. of the serum of a toxin immime animal, which would

neutrahze 100 such MLD's (minimal lethal doses) for guinea pigs

of the standard weight. It was soon foimd by these workers, as

well as by others, that it was not easy to determine the exact

point of neutralization, that is, while the guinea pig might be

preserved from death from 100 such minimal lethal doses, in one

case in another slight local or systemic sjonptoms might easily

escape the observation of the investigator, and it seemed safer to

eliminate the personal equation entirely. This was done by es-

tablishing as an antitoxin unit not the amoimt that would neutral-

ize the 100 fatal doses, but a partial neutralization measured in

such a way that the toxin quantity left over in the mixture would

stiQ kill the guinea pig in four to five days, giving the same effect

as an unneutraHzed single toxin unit.

Subsequent developments in the investigation of toxins, espe-

cially by Ehrlich, disclosed many difficulties in the path of such

a relatively simple method of titration. It is a comparatively

easy matter to determine the minimal lethal dose of any poison

that one may have produced. However, this quantity— or

MLD— wiQ not be identical in one and the same toxin filtrate

if this is measured at intervals of a few weeks or months, since

the true toxiii is gradually converted into a non-poisonous prod-
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uct, the "toxoid." The toxoid is not poisonous for gixinea pigs,

and therefore the volume of original broth necessary to kill guinea

pigs of the required weight increases. Now if this deterioration

into toxoid implied at the same time diminution of neutralizing

power for antitoxin the titration could be easily adjusted by simply

remeasuring the minimal lethal dose for the particular solution

used and proceeding on this basis merely with a changed imit.

However, in old toxin solutions, although the minimal lethal

dose is larger, the neutralizing value of this poison for antitoxin

has changed very Uttle or not at all. In other words, the toxin

derivatives or toxoids, although no longer poisonous to the

guinea pig, stUl retain their neutralizing power for the antitoxin.

It is obvious therefore that no constant standard could be obtained

merely by measuring the minimal lethal dose of any toxiti broth

and measuring the antitoxui unit against 100 such minimal fatal

doses. The amoimt of toxoidwould be alike inno two toxin filtrates

nor in the same filtrate at different times, and the antitoxin unit

which I determined against 100 MLD's of a toxin brothi have pro-

duced in my laboratory might be far different in antitoxic potency

from a unit similarly determined in another laboratory from an-

other toxin broth containing an entirely different proportion of

true toxin and non-poisonous antitoxin-neutrahzing toxoids.

In consequence a different system has had to be worked out

largely by the laborious investigations of Ehrlich. Ehrlich

found that the antitoxin was very much more stable than the

toxin. If dried, reduced to a powder, and preserved in vacuo

in a small glass U-tube over phosphoric anhydride in the cold

and in the dark, such dried serum would preserve its antitoxic

value for a long time and no deterioration comparable to that tak-

ing place in the toxin would occur. Originally Ehrlich prepared

tubes in this way, each one containing antitoxin powder of a

potency of 1700 antitoxin units to the gram, these antitoxin

units being measured against one of the toxins in his possession

representing the amount necessary to neutralize 100 MLD's of

this toxin. Against this powder then from time to time other

toxins are measured and the quantity determined which mixed
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with such an antitoxin unit will just kill a guinea pig of 250

grams in from four to five days, i.e. which mixed with one

standard antitoxin unit will give the effects of one free toxin iinit.

This amount of toxin is known as the L + dose, and of course

if such an L + dose of a toxin measured against the standard unit

is now mixed with varjdng quantities of an unknown antitoxin

until a mixture of similar effect is obtained, the particular quan-

tity, of antitoxin used in this mixtiu'e will be equal to the original

standard antitoxin imit. Thus the antitoxin unit established by

Ehrlich is now the standard of measurement for other antitoxins

rather than the toxin itself.

Such standard antitoxin units are preserved in the way
indicated above for America at Washington, for Germany in

Frankfort, for France at Paris, etc., and the L+ dose of toxin

solutions can be determined against these standards and with

such L+ quantities of any given toxin new antitoxin can be

standardized and portions of these in turn preserved. Con-

stancy of measurement is thereby assured if this system is kept

under proper governmental supervision without a break in con-

tinuity, and without accident. This is practically insured

against by the large number of laboratories in the world in which

this standard is being kept.

It is obvious therefore that in the investigation of antitoxic

strength three standard imits are used. They may be defined

as follows

:

The Minimal Lethal Dose (MLD or T) is that amoimt of

toxin which when subcutaneously injected invariably causes the

death of a 250-gram guinea pig in from four to five days.

Limes "Zero" Dose (Lo) is that amount of toxin which is com-

pletely neutralized by one antitoxin unit so that no trace of reac-

tion, local or otherwise, ensues when it is injected mixed with

one unit of antitoxin.

Limes "Todt" Dose (L+) is that amount of toxin which when

mixed with one unit of antitoxin and injected subcutaneously

will cause the death of a 250-gram guinea pig in four to five days.

The quantitative relationship between the MLD, the Lo dose
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and the L + dose is one that is by no means regular, an irregularity

which has not yet met with an entirely satisfactory explanation

and which for the actual practical measurement of antitoxin

it is not necessary to go into at present. The student, however,

is advised again to refer to the textbooks mentioned above and to

read the explanations of this subject carefully. It is easily seen,

however, that the definition of an antitoxin unit as it is at present

used can no longer be truthfully given as the amount which neu-

traUzes 100 fatal doses for guinea pigs of 250 grams, although this

is the way it is usually put in textbooks. The original unit

measured by Ehrhch and preserved did actually neutralize 100

fatal doses of the particular toxin used. However, when the

stated amount of this original antitoxin [or of other antitoxins

based upon it and similarly preserved] is measured against many
other and unknown toxins, the L+ dose of these poisons con-

taining amounts of toxoid differing from that ia Ehrlich's

original toxin will not necessarily contain 100 minimal lethal

doses of true toxin. The antitoxin in such mixtures is neutrahzed

not only by the true toxin but also by the toxoid which has

different or no poisonous properties, and thus the number of

actual minimal lethal doses contained in the mixture may vary

from 50 up. An antitoxin unit, therefore, in the modem sense is

the amount of antitoxin which when mixed with the L+ dose of a

standard toxin leads to death of the guinea pig in four to five days.

The L+ dose of the toxin in this case must have been measured

by a previously determined standard antitoxin unit which is the

ultimate basis of measurement.

In order to allow a margin of safety this definition has been

further altered of recent years in the following way

:

The antitoxin unit is the amoimt of antitoxic serum which

mixed with the L+ dose of a standard toxin will preserve a guinea

pig of 250 grams from death.

Preparation of Toxin

Each student is given a 500 c.c. Erlenmeyer flask in which is 100 c.c.

of veal infusion broth containing 2 per cent peptone and adjusted to
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reaction of 0.5 per cent acidity to phenolphthalein. (Various modifica-

tions of this medium may be used. Smith recommends a broth which

has been made sugar free by inoculation with colon bacillus, and Rosenau

recommends the addition of 1 per cent glucose to the broth.) A strain

of B. diphtherise known to produce strong toxia (preferably the Park-

WiUiams bacillus No. 8) is used for inoculation. Before it is planted on

flasks it should be transferred by the instructor daily through a series

of several broth tubes to obtain vigorous and rapid growth. The flasks

are incubated for seven days and one or two which show the best growth

filtered through a Berkefeld filter. The filtrate is stored in a sterile

dark bottle on ice until used.

The class, working as a group, will carry out one or more of the

following determLQations on one such toxin, each student injecting one

of the pigs in a given series. (In actual class work, in order to save

guinea pigs, usually only III, the determination of the antitoxic value

of an imknown serum, is carried out.)

I. DETERMINATION OF THE MLD OP A TOXIN

Guinea pigs are injected subcutaneously with varying amounts

of this toxin until the amount is determined which will regularly

cause death in from four to five days. For a satisfactory toxin the

MLD must be less than 0.01 c.c. The toxin is diluted in salt solution

so that the desired amoimt will be contained in 2 c.c. This amount is

injected subcutaneously, with a Rosenau syringe,' the needle of which

is inserted in the flank of the guinea pig and passed subcutaneously in

the flank of the pig till the point is near the linea alba before the diluted

poison is injected. After injection 1 c.c. of salt solution is placed in

the syringe without removing the needle and injected to wash out the

last traces of the poison. The following example of such a determination

is taken from Rosenau's toxin No. 5. TheMLD in this case was .002 c.c.

Dates Tested
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II. DETERMINATION OF THE L+ DOSE OF TOXIN

A dilution of a carefully standardized antitoxic serum is prepared

in sterile salt solution so that each cubic centimeter contains one unit

of antitoxin. A preliminary test with the dilutions spaced widely

should be carried out by the instructor to determine approximately

the L+ dose. A series of dilutions of toxin increasing by about yV
of the smallest amoimt should then be prepared, the total volume of each

dilution being brought up to 2 c.c. (The smallest amount is the amount
just below the minimal dose fatal when mixed with one unit of antitoxin

in the preliminary experiment.) 1 c.c. of antitoxin is then mixed with

2 c.c. of each dilution of toxin in a Rosenau syringe and allowed to stand

for one hour. The mixture is then injected into a 250-gram pig, as in

determining the MLD, and the syringe washed with 1 c.c. of salt solution.

If the preliminary test has shown the dose to be between 0.2 and 0.3

c.c. the test should be set up as follows

:

Tote
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and the following series of dilutions accurately made from this in test

tubes

:

Tube



r»>-'
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deteriorate readily ia solution. They are known as hsemotoxins

and their injection in suitable doses into animals leads to the pro-

duction of antitoxins whose specific protective action can be

demonstrated in vitro.

These hsemotoxins also have a haemolytic action in the body,

although they play a smaller role than the other toxic components

(neurotoxin, for instance, in the case of tetanus). Their in vivo

haemolytic effect is probably greatly hindered by the protective

power which normal serum possesses when in sufficient concen-

tration.

I. Determination of Minimal Laking Dose of Tetanus Toxin

Tetanus toxin (either a recently prepared filtrate or a toxin precipi-

tated with ammonium sulphate and preserved in the dry state and made
up to 1 per cent solution in 0.9 per cent saline) ' is tested as foUows

:

Tdbe





154 LABORATORY COURSE IN SERUM STUDY

After one half hour at 37° C. add 0.5 c.c. of 5 per cent rabbit cells

to all tubes, incubate one hour, and observe haemolysis.

Tube 8 is inserted, of cotirse, to make certain that the toxin does

not lose its hsemolytic power during the half hour of preHminary incuba-

tion, and Tube 9 to show that horse serum is not of itself hsemolytic.

Tetanospasmin

Students should work in groups of three or four in performing

the following experiments. Fresh tetanus toxin is obtained from

a department of health or one of the commercial laboratories with

the lethal dose for guinea pigs of 350 grams worked out. Tetanus

antitoxia can be procured from the same source or ia the market.

A. Inject a guinea pig of approximately 350 grams into the thigh of

one hind leg with five lethal doses of the tetanus toxin.

B. A similar guinea pig at the same time is injected with twice the

dose, i.e. ten lethal doses of tetanus toxin, which has been mixed with

one antitoxin unit,* the mixture having been allowed to stand at room
temperature for twenty minutes.

C. Grind up five lethal doses of the tetanus toxin with half of one

cortex of fresh guinea pig brain, adding salt solution to the amount of

3 or 4 c.c. during the process. This mixture is allowed to stand at

room temperature for two or three hours. It is then centrifugalized

and the supernatant fluid injected into a third pig.

The pigs are kept under close observation for 6 days.

Materials required for each student for the tetanolysin ex-

periments: Tetanus toxin about 4 c.c.

Tetanus antitoxin about 0.1 c.c.

Normal horse serum about 0.1 c.c.

5 per cent rabbit-cell suspension 8.0 c.c.

Materials for each group of 3 or 4 students for the tetanospas-

min experiment

:

3 guinea pigs of about 350 gms. each.

20 lethal doses of tetanus toxin of known toxicity.

Tetanus antitoxin, one unit.

I fresh guinea pig brain.

1 The antitoxin unit is established by the United States Hygienic Laboratory
(Bulletin 43) on principles similar to those used for diphtheria antitoxin and
represents ten times the amount of antitoxin necessary to completely neutraUze

100 minimal lethal doses of a standard toxin injected into a g^uinea pig of 350
grams.
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LESSON XXIV

TOXINS OF HIGHER PLANTS AND ANIMALS

Many of the higher plants and animals produce toxins resem-

bling in every way the toxins of bacterial origin. The property

which is essential for the identification of such substances as toxins

is the possibility of producing antitoxins for them. The other

properties, such as the extraordinary potency and thermolability,

are less essential. Most of them have more than one toxic com-

ponent, Kke many of the bacterial toxins (for instance, tetanus

toxin). Thus beside the effect on the nervous system and blood

vessels snake poisons are hsemolytic, and ricin, a powerful toxin

derived from the castor bean, is hsemagglutinative.

Human and guinea pig cells are susceptible to laking by
cobra venom in the absence of serum or lecithin. Sheep and ox

cells are highly resistant. The addition of lecithin or of suitable

serum, however, makes the insusceptible cells again susceptible

to laking by the venom.

Kyes at first supposed that the lecithin "activated" the hsemo-

lysin of the cobra venom by an action analogous to that of com-

plement in the case of the specific hsemolysins. Later researches,

especially those of von Dungem and Coca, showed that the venom

contained a lipoid-splitting enzyme or lipase which acted upon the

lecithin of the cell membrane or the lecithin contents of the senun

and hberated spHt products which possessed hsemolytic action.

Set up the following tests :





168 LABORATORY COURSE IN SERUM STUDY

H^MAGGLTJTINATIVE EFFECT OF RiCIN

Ricin agglutinates the cells of all species to a greater or lesser

degree. The presence of serum in any considerable quantity

interferes with the reaction. Specific antitoxic sera (which are

difficult to prepare) neutrahze in high dilutions not only the

poisonous but also the agglutinative component of ricin.

Tdbe
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individuals and tests for increase in antitrypsin have been pro-

posed as an aid to diagnosis of carcinoma. The condition, how-

ever, is not limited to patients with maUgnant diseases, but is

present also in pernicious anaemia, in Graves' disease, in ad-

vanced tuberculosis, and in many other infections.

A specific antitrypsin which may be quite different in its nature

from the substance present in normal senmi is developed in re-

sponse to injections of tr3rpsin into animals. The precise deter-

mination of the antitryptic activity of the senxm in experimental

work is made by adding serum to mixtures of trypsin and some

protein substrate and after incubation comparing the amoimt of

incoagulable nitrogen in the flasks containing serum with the

amount in control flasks containing trypsin alone.

Simpler methods have been devised for clinical use. One

widely used consists in placing drops of mixtures of tr3rpsin and

serum in varied proportion on the surface of Loeffier's blood serum

plates and determining the action of the trypsin by the formation

of a pit on the surface of the plate underneath the drop of fluid.

A more satisfactory method is that of Fidd and Gross as

follows : Mixtures of serum with varying concentrations of tryp-

sin are allowed to act on an alkaline solution of casein and after

incubation the undigested casein is precipitated by the addition

of acetic acid.

Reagents

:

1. Trypsin solution. Dissolve 0.5 gram of trypsin in 50 c.c. of

salt solution containing 0.5 c.c. of normal soda. Make up to 500 c.c.

with salt solution. Samples of commercial trypsin vary greatly in their

activity and this stock solution should be diluted if necessary until the

amount required to digest 2 c.c. of casein solution is approximately

0.5 c.c.

2. Casein solution. Dissolve 1 gram of casein in 100 c.c. of N/10
NaOH by warming and neutralize the solution with N/10 HCl, using

litmus as an indicator. The volume is brought up to 500 c.c. with salt

solution and the solution filtered. It should be sterihzed in the Arnold

sterilizer if it is not to be used immediately.

3. Acetic acid solution composed of glacial acetic acid 5 c.c,

alcohol 45 c.c, water 50 c.c.
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A. Titration of Trypsin Solution

In each of a series of test tubes place decreasing amounts of trypsin

solution, 1 c.c, 0.7, 0.5, 0.4, 0.3 and 0.2 c.c. Add sufficient salt solution

to bring up the volumes to 2.5 c.c. and set up a control containing 2.5 c.c.

of saline alone. To each tube add 2 c.c. of casein solution, shake, and

place in water bath for half an hour at 37° C. Remove the tubes from

the water bath and add 3 to 4 drops of the acetic acid solution to each.

The tube with the smallest amount of trypsin which shows no precipi-

tate of undigested casein contains the amount of trypsin needed for

the subsequent test.

Preliminary Titration of Trypsin

Tdbb
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in the preliminary test the tube containing 0.5 c.c. of trypsin solution

was completely dissolved this series of tubes should contain 0.5, 0.75, 1.0,

1.25, 1.5 and 2.0 c.c. respectively. Sufficient salt solution is added to

bring the volumes up to 2.0 c.c, and 2.0 c.c. of casein solution added
to each tube. The tubes are incubated for one half hour and at the end
of this time the undigested casein is precipitated by the addition of a

few drops of the acetic acid solution.

In the presence of carcinoma serum from 1^ times to twice the

amount of trypsin wUl be found necessary to completely digest the

casein that is necessary in the presence of normal serum. On the other

hand, in the serum which has been extracted with chloroform the anti-

tryptic activity wiU be found to have been almost completely removed.

Testing of Serum

TtTBE
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taken up by the leucocytes, and that the serum constituent

which carries out such preparatory action is comparable to other

antibodies. The property of the serum which carries out this

preparation of the bacteria for phagocytosis has been spoken of

by Wright as the opsonic power, since he supposed it to depend

upon a specific antibody, which he called opsonia. In immime
sera this phagocytosis-aiding antibody is more heat-resistant

than it is in normal sera, and such a heat-resistant immime body
is spoken of by the Wright school as the immune opsonin and by
Neufeld and his associates as bacteriotropin.

Serum.— Obtain normal gxiinea pig serum by bleeding two pigs

from the carotid into centrifuge tubes and separating seriun.

Leucocytes.—Wash out peritoneum of two guinea pigs injected in-

traperitoneally with 6 c.e. of aleuronat suspension about 8 to 12

hours before. Take 2 c.e. of suspension, centrifugalize, wash the sedi-

ment once in sahne and suspend in saline until emulsion corresponds in

thickness to standard tube prepared by instructor.

Bacteria.— Make suspension of staphylococcus aureus from agar

culture in salt solution until thickness corresponds to standard tube.

Draw in and out of capUlary pipette until the bacteria are evenly

emvdsified. Allow clumps to settle and pipette off upper layers.

Experiment 1

Opsonic Action of Sehtjm

Set up three tubes as follows :

Tube
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Experiment 2

The Opsonin Unites with the Bacteria, not with the
Leucocytes

In two small centrifuge tubes mixtures are made with the same ma-

terials employed in Experiment 1, as follows

:

(1) Bacterial suspension 0.1 c.c.

Fresh guinea pig serum 0.2 c.c.

Salt solution 0.7 c.c.

(2) Leucocyte suspension 0.2 c.c.

Fresh guinea pig serum 0.2 c.c.

Salt solution 0.6 c.c.

These tubes are allowed to stand at 37° C. in water bath or incu-

bator for 30 minutes. Then centrifugahze vigorously and wash sedi-

ment once in salt solution.

To the bacterial sediment of (1) add

:

Leucocyte suspension

Salt solution

To the leucocyte sediment of (2) add

:

Bacterial suspension

Salt solution

Allow the tubes to stand for 30 minutes at 37'

smears and examine as in Experiment 1.

Materials

:

Serum, leucocytes, bacterial emulsion as described.

Capillary pipettes with rubber nipples.

Microscope sUdes.

Jenner's stain.

LESSON XXVII

DETERMINATION OF OPSONIC INDEX (WRIGHT)

Prepare the following reagents

:

1. Bacillaiy suspension. Make suspension of Staphylococcus

aureus culture in salt solution. Allow to stand in test tube for clumps

to settle out. Transfer upper portion to separate test tube.

2. Leucocyte suspension. Obtain 15 or more drops of blood from

finger tip in centrifuge tube containing about 10 c.c. of citrate solution.

0.2
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(Sodium citrate 1 gram, sodium chloride 0.5 gram, water 100 c.c.)

Centrifugalize and wash once in salt solution. With capillary pipette

remove the upper layer of the sediment which will contain most of the

leucocytes.

3. Serum. Collect about 10 drops of blood in Wright capsule.^

Seal the dry end in the flame and centrifugalize to obtain serum.

Use portion of serum to make control pool, mixing serum from 5

to 10 different individuals.

Test

Use capiUary pipette ^ with mark about 2 cm. from the tip. Take
up first seriun to the mark, then air, then leucocytes to the mark, then

bacteria. Mix the reagents in a watch glass and again draw into the

pipette and seal the tip. Incubate one half hour. Blow out contents

of capillary, mix thoroughly and make smears. Stain with Jenner's

stain 4 minutes, wash and blot.

Each student makes test with his own serum and with a control

pool which does not include his own.

The opsonic index is the ratio between the phagocytic average

of the specimen with the patient's serum and of that with the

normal pool, expressed as a decimal, i.e.

"Normal" specimen— phagocyte average 2.5

Patient's specimen— phagocyte average 3.75

Opsonic index 1.5

If the figm-es for normal and patient were reversed, the index

would be 0.66.

Materials

:

Staphylococcus suspension.

Citrate solution.

Wright capsules and pipettes.

Jenner's stain.

LESSON XXVIII

DIFFERENCE IN HEAT STABILITY BETWEEN NORMAL AND
IMMUNE OPSONINS OR BACTERIOTROPmS

Prepare materials— bacterial (staphylococcus) emulsion —
leucocytes and serum as for opsonin test by Wright's method.

' See Lesson XIII, page 88.
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Experiment 1

Heat Susceptibility of Normal Opsonin

Divide the normal serum obtained from own finger into two parts.

Heat one of these in a water bath at 56° C. for 30 minutes.

Now carry out opsonin tests in parallel (1) with unheated serum,

(2) with the heated serum— using same bacterial emulsion and leuco-

cytes in both cases.

Compare results by counting sUdes.

Experiment 2

Heat Susceptibility of Immune Opsonin

Staphylococcus immune rabbit serum will be given out.

Divide into two parts. Heat one part to 56° C. for 20 minutes in

a water bath.

Carry out parallel tests as above and compare the results.

Materials

:

Staphylococcus emulsion.

Glass tubing for Wright capsules and pipettes.

Staphylococcus immune serum.

LESSON XXIX

TITRATION OF NORMAL OPSONIN BY DILUTION METHOD

Titrate opsonic power of normal guinea pig serum for Staphylo-

coccus aureus by dilution method as follows

:

1. Make dilutions of serum 1-5, 1-10, 1-20, 1-100.

2. Set up series of opsonic tests in Wright capillary pipette, using

staphylococcus suspension, suspension of guinea pig leucocytes and

diluted serum equal parts. Make additional test with undiluted serum,

and also control with leucocytes, bacteria and salt solution.

3. Incubate 30 minutes, make smears and stain with Jenner's stain.

Determine by counts in which dilution there is a definite increase of

phagocytosis as compared with the salt solution control.

Materials : same as for two preceding lessons.
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LESSON XXX

TITRATION OF IMMUNE OPSONIN BY DILUTION METHOD

Introductory Remarks

There are several methods of titrating the opsonic power of

a serum. The most accurate method probably is that in which a

number of progressively increasing dilutions of the serum are

made and the opsonic power of each dilution is tested. In this

way the degree of dilution at which the opsonic power of the serum

disappears, that is, at which there is not more phagocytosis in

the specimen with this serum than there is in a control with salt

solution, is determined. In this way two sera can be compared

as to their opsonic strength. It is the method first used by Klein

in the case of typhoid opsonins, and the one utilized by Jobhng

in the standardization of anti-meningococcus serum.

Reagents

:

1. Suspension of Staphylococcus aureus from 24-hour agar slant.

2. Suspension of leucocytes obtained from peritoneum of guinea

pig injected with aleuronat.

(The method of preparing these two suspensions has been given in

a previous lesson.)

3. Serum of rabbit immunized against Staphylococcus aureus.

Before beginning the experiment 0.2 c.c. of this senmi should be

placed in test tube and heated one half hour at 56° for Series III below.

4. Serum of normal rabbit.

Prepare dilutions of each of the sera, 1-5, 1-10, 1-20 and 1-100.

I

Set up a series of six tubes. In the first put 0.25 c.c. of undiluted

immune sermn, in the next four 0.25 c.c. of 1-5, 1-10, 1-20 and 1-100

dilutions respectively, and in the last tube 0.25 c.c. of salt solution for

control.

II

Set up a similar series with normal serum, omitting the fifth and
sixth tubes.
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III

Set up a third series of three tubes containing immune serum which

has been heated at 56° for half an hour. After heating, dilutions of

1-5, 1-10 and 1-20 should be prepared, and 0.25 of each dilution added

to one of the tubes.

To each of these tubes now add 0.1 c.c. of bacterial suspension

and 0.2 c.c. of washed leucocytes. Incubate for one half hour and pre-

pare smears from the sediment of each tube. Stain the smears with

Jenner's stain and count the number of bacteria contained in 50 leuco-

cytes in each smear, calculating the average number per leucocyte.

Any sUde which shows a definite increase above the salt solution should

be regarded as showing positive opsonic power in the corresponding

dilution of serimi.

Materials : same as three preceding lessons.

LESSON XXXI

PREPARATION OF BACTERIAL VACCINE

The preparation of bacterial vaccines consists in four steps

:

I. Preparation op the Emulsion

Each student is given two agar slants of Staphylococcus aureus of

24-hour growth. To each tube add about 2 c.c. of sterile salt solution

with a sterile pipette. Remove the bacteria from the surface of the agar

by scraping gently with a sterile platinum loop, being careful not to cut

into the surface of the agar. When an even suspension is obtained this is

transferred to a small sterile bottle or test tube containing glass beads

and thoroughly shaken to break up clumps of the organisms.

II. Standardization

The second step in the preparation of vaccine is to determine the

number of organisms contained per c.c.

(a) HcBmocytometer Method

A staining solution is prepared by adding to 20 c.c. of 1 per cent

phenol 1 c.c. of a saturated alcohohc solution of thionin. A small
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amount of the carefully shaken bacterial suspension is removed to a

watch glass. A 1-100 dilution is prepared in a red cell pipette with the

staining solution as diluent to the 101 mark. After carefully shaking

and after blowing out the portion of the fluid in the capillary end of

the pipette, a small drop is placed in a counting chamber and covered

with a flat cover slip. After allowing 15 minutes for the bacteria to

settle, a coimt is made, with a No. 5 or a No. 6 lens, of a number of

squaresiuntil 200 or more bacteria have been counted. It is best to

take this count from dififerent portions of the ruled surface and from

two separate drops of the mixture. The small squares have an area

of -j^ of a square mm., the depth of the chamber is 0.1 mm., the dilu-

tion is 1-100. The nmnber of bacteria may be estimated by the fol-

lowing formula

:

No. of bacteria counted X 400 X 10 X 100 X 1000 _ j^uj^^er of bac-
Number of squares counted j. • • i^ teria in 1 c.c.

(6) Wright's Method

A Wright capillary pipette is prepared with a mark about one inch

from the tip. A small puncture is made in the tip of the finger and a

fresh drop of blood obtained. Three units of salt solution are then

drawn up in the pipette, admitting a bubble of air between each two

portions of salt solution. Blood from the finger tip is then drawn up
to the mark, a bubble of air admitted, and bacterial suspension drawn

up to the mark. The mixture is then blown out on a clean slide and

drawn in and out of the pipette several times to insure even mixing of

the blood and bacteria. A drop of this mixture is placed on a second

sHde and carefully spread across the sUde in the manner of making blood

smears. It is important that the film be thin and even so that the red

cells are not piled in masses in any portion of the film. This film is

stained with Jenner's stain, or by any other simple method, and a differ-

ential count of the number of bacteria and red cells in a number of

fields in different parts of the slide is made. For this a ruled scale to

be inserted in the eyepiece of the microscope is very helpful. A num-
ber of fields are counted, taken at random, until 200 red cells have
been counted. The number of bacteria in the suspension may then

be estimated from the number of bacteria counted, using the following

formula (assuming that the blood of the worker contains 5,000,000 red

cells per cubic mm.)

:

Number of bacteria X 5,000,000 X 1000 -.-. u r u ^ •

Number of red cells (200) = ^"^^^^ °^ ^^'^^""^ P"' *'•''•
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(c) Other Methods

A number of other methods have been devised for standardization

of vaccines.

One method (Hopkins) is to centrifugalize at high speed in a special

tube with graduated tip until the supernatant fluid is clear. The num-
ber of organisms for a niunber of species in such a closely packed
sediment has been determined, and is as follows

:

Staphylococcus aureus 0.01 c.c. equals 10 billion

Streptococcus hsemolyticus 0.01 c.c. equals 8 bilhon

Gonococcus 0.01 c.c. equals 8 billion

Pneumococcus (capsulated) 0.01 c.c. equals 2.5 billion

B. typhosus 0.01 c.c. equals 8 bilhon

B. coU 0.01 c.c. equals 4 bilhon

Another method of standardization is by the turbidity of the emul-

sion. Standard tubes of carefully counted suspensions are prepared,

and the vaccine to be standardized is then diluted until the turbidity

is equal to that in the standard tube.

III. Sterilization

The most reUable means of steriHzation is by means of heat. For

staphylococci and streptococci 59° to 60° C. for half an hour is satis-

factory ; for typhoid baciUi 55° to 56° for an hour is usually used. In

heating, the bacteria should be placed in a sealed tube and the entire

tube immersed in the water bath. After exposure to heat test the steril-

ity of the vacciae by transferring two or three loopfuls of the suspen-

sion to an agar slant.

IV, Dilution

The stock suspension prepared is as a rule too concentrated to allow

the accurate measm-ement of the dose desired, which may vary accord-

ing to the organism from 20 to 500 millions or even more. After

the vaccine has been sterihzed by heat, sufficient 5 per cent phenol

or an equivalent quantity of other aromatic disinfectant should be

added to briag the content of phenol in the mixtm-e up to 0.5 per cent.

Each student will' prepare a suspension from the cultures

given out, standardize this suspension by methods (a) and (&),

heat at 59° for half an hour, test for sterility, and prepare two

dilutions, one containing 200 million and one containing 1000

million per c.c.
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Materials

:

2 agar slants of staphylococcus aureus.

Sterile saline solution.

Sterile pipette.

Sterile tube or bottle with glass beads.

HEemocytometer.

Thionin solution in 1 per cent phenol.

Glass slides.

Wright or Jenner stain.

i
Phenol.

LESSON XXXII

ANAPHYLAXIS

Introductory Remarks

Because of the large number of animals required in this work,

the class had better do these experiments in relatively large

groups.

I. Active Sensitization

Four guinea pigs of about 200 grams weight are etherized on operat-

ing boards for intravenous injection into external jugular veins.

Guinea pigs (a) and (6) receive 0.25 c.c. horse serum diluted with

1.75 c.c. salt solution.

Guinea pigs (c) and (d) receive 0.25 c.c. sheep serum diluted with

1.75 c.c. salt solution.

This should be done two weeks before the time for Lesson XXXII.
Two weeks after the sensitizing injection the pigs are again injected

intravenously as follows, into opposite jugular vein

:

(a) 0.5 c.c. of horse serum.

(6) 0.5 c.c. of sheep serum,

(c) 0.5 c.c. of sheep serum.

The results in (a) and (c) demonstrate anaphylactic shock.

The absence of symptoms-in (6) demonstrate specificity.

Guinea pig (d) is given 0.01 c.c. sheep serum subcutaneously four

times, at one hour intervals. Observe carefuUy symptoms after each

injection. Then give 0.5 c.c. sheep serum intravenously. S3Tnptoms

will be sUghter than in (a) and (c). This demonstrates desensitization.
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Materials needed for each group of students

:

4 guinea pigs.

1 c.c. horse serum.

1 c.c. sheep serum.

Syringe.

Scalpel, forceps, scissors, thread, for isolation and ligation of jugu-

lar vein.

Ether.

LESSON XXXIII

ANAPHYLAXIS (Continued)

II. Passive Sensitization

Obtain serum of rabbit which has been highly immunized to horse

serum.

Make preliminary titration of precipitin of this serum for horse

serum.

Inject 1.0 c.c. of this serum intravenously into each of three gxiinea

pigs. After 24 horn's inject into the opposite jugular vein as follows

:

Guinea pig (a) 0.1 c.c. horse seriun

Guinea pig (6) 0.3 c.c. horse serum

Guinea pig (c) 1.0 c.c. horse serum

Observe symptoms.

In case of anaphylactic death, inmiediately open chest and observe

condition of lungs and also whether heart is stiU beating. While such

an animal is dying it is important to watch carefully the gradual altera-

tion of respirations, the great irregularity and slowing of breathing and

the intense inspiratory efforts just before death.
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